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ABSTRACT 
The present investigation was carried out using ethylmethane 
sulphonate (EMS) - an alkylating a^nt, hydrazine hydrate (HZ) - a base 
analogue and sodium azide (SA) - a respiratory inhibitor on mungbean 
(Vigna radiata (L.) Wilczek). The main objective of this study was to 
enhance the genetic variability for quantitative traits in two varieties viz; 
PDM-U and NM-1 of mungbean and to increase the yield potential of crop 
by isolating promising lines. Various other aspects of this study were: 
1. biological damage in Mi generation 
2. frequency and spectrum of chlorophyll and morphological mutations 
3. effectiveness and efficiency of the mutagens 
4. estimation of variance (genetic and non-genetic), heritability and 
genetic advance, and 
5. evaluation of seed protein content in the high yielding mutants 
isolated in M3 generation. 
Biological damage, induced in Mi generation, was estimated in the 
foiTO of immediate effects of the mutagens on seed germination, seedling 
height, plant survival at maturity and pollen fertility. A dose dependent 
reduction in these parameters, except plant survival at maturity, was 
observed in both the varieties of mungbean. However, the mutagens differed 
in the extent of damage caused. Variety NM-1 was found to be more 
sensitive than the var. PDM-11. 
Various types of anomalies in the cotyledonary and vegetative leaves 
(shape and number) were recorded in the treated population, their frequency 
being maximum with EMS treatments and minimum with SA treatments. 
A wide spectrum of chlorophyll mutants was obtained in M2 
generation. All these chlorophyll deficient mutants were lethal except 
maculata, viridis and virescent. Chlorina followed by xantha types were 
predominant in both the varieties. EMS treatments induced the highest 
frequency of chlorophyll mutations followed by HZ and SA treatments. The 
frequency of chlorophyll mutations was dose dependent and increased with 
the mutagen concentration. Based on effectiveness in both the varieties, the 
order of the mutagens was HZ>SA>EMS. Two criteria viz., pollen sterility 
(Mp/S) and seedling injury (Mp/I) were taken into consideration to 
determine the efficiency of the mutagens. EMS was found to be the most 
efficient mutagen followed by HZ and SA. Moderate concentrations of the 
mutagens were most effective and efficient in inducing mutations. 
A wide range of morphological mutants were identified in M2 
population of mungbean. The frequency of morphological mutants differed 
in different mutagenic treatments and also between the varieties. The highest 
frequency was noticed in the EMS treated population and the lowest in the 
SA treated one, HZ treatments being the intermediate. Variety NM-1 gave 
the broader spectrum and frequency of morphological mutations than the 
var. PDM-U. Of all the mutant types, yield and plant height were of 
maximum occurrence in the two varieties studied. 
Attempts were made to ascertain the effects of the mutagenic 
treatments on mean and the coefficient of variation (CV) in Mi itself 
Induced variability was studied for nine quantitative traits, namely, days to 
flowering, plant height (cm), days to maturity, number of fertile branches, 
number of pods, pod length (cm), seeds per pod, 100-seed weight (g) and 
total plant yield (g). Means for all the nine quantitative traits remained 
unchanged in the treated population. However, the coefficient of variation 
(CV) differed from trait to trait and the highest CV over control was 
recorded for fertile branches per plant. The mean values for traits like days to 
flowering, plant height and days to maturity shifted to negative direction in 
both M2 and M3 generations. Days to maturity were reduced by 
approximately four days in both the varieties after the mutagenic treatments 
in M3 generation. The mean values for yield and yield components increased 
in all the treatments, with some exceptions, in both the varieties of 
mungbean. The exceptions were noticed in M2, whereas M3 generation 
showed a complete positive trend of shift. However, the mean pod length did 
not differ significantly in most of the mutagenic treatments. The genotypic 
coefficient of variation, heritability and genetic advance increased manifold 
in the treated population and varied from trait to trait in M2 and M3 
generations. The studies of heritability and genetic advance suggest that the 
induced polygenic variability can be utilized in plant improvement 
programme. 
A considerable increase in mean values for fertile branches per plant, 
pods per plant and seed yield per plant was noticed among the isolated 
mutant lines in M3 generation. Estimates of genotypic coefficient of 
variation, heritability and genetic advance for yield and yield components 
were also recorded to be higher. Increase in fertile branches and pods per 
plant played a significant role in boosting the seed yield in mutants isolated 
in M3 generation. Increase in mean values coupled with an increase in 
genetic variability especially for yield contributing traits of these mutants 
suggest further possibilities of selecting more promising lines with high yield 
potential. 
Phenotypic correlation between various character pairs of the mutants 
isolated in M3 generation showed a positive and significant relationship 
among number of fertile branches, number of pods and seed yield per plant. 
The present findings support the view that the mutagenic treatments could 
alter the mode of association between traits apart from generating genetic 
variability. 
Seed protein content of the mutants isolated in M3 generation showed 
a slight but insignificant improvement over the controls. The coefficient of 
variation for seed protein content of the mutants did not differ much from the 
control plants, indicating no further improvement in seed protein content is 
possible. Seed protein content was found to have a negative correlation with 
the total plant yield in the mutants and the controls of both the varieties. 
Results showed that the moderate concentrations of various mutagens 
proved to be effective and efficient in generating genetic variability in both 
the varieties of mungbean. Therefore, polygenic variability induced by 
chemical mutagens can be effectively exploited in mungbean improvement 
programme. 
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Chapter - 1 
INTRODUCTION 
1.1. General account 
India grows a variety of pulse crops, also called as grain legumes, 
under a wide range of agro-climatic conditions and has a pride of being the 
world's largest producer of pulses. Unique characteristics like high protein 
content (2 to 3 times more than the cereals), nitrogen fixing ability, soil 
ameliorative properties and ability to thrive better under harsh conditions 
make pulses an integral component of sustainable agriculture particularly in 
dry land areas. Indian population relies on pulses for meeting its protein 
requirement mainly because of its vegetarian food habit and high cost of 
animal based protein. The country has witnessed a decreasing trend in the 
per capita availability of pulses from 69 g in 1961 to 37 g in 2005. A 
solution to the problem of declining per capita availability has, therefore, to 
come fi-om a rapid improvement in indigenous production levels. While 
efforts have been geared up to bring additional area under pulses, more 
important is to increase the production by exploiting yield potential of the 
existing varieties through genetic manipulation. The estimates for 2006 
indicate that the pulses occupy an area of 22.43 million hectares and produce 
13.11 million tonnes with an average yield of 585 kg/ha (Fig. 2). During the 
last decade (1995-2005), the average growth rate of pulses production was 
1.27 percent which is far below the required growth rate to meet the 
domestic requirement (Ali and Kumar, 2006). The non-availability of high 
yielding varieties is a major constraint in achieving higher productivity of 
pulses. Non synchronous maturity, long duration and flower drop are other 
problems associated with the varieties of major pulses. 
Mungbean or green gram (Vigna radiata (L.) Wilczek) which ranks 
third to chickpea and pigeonpea, is an important pulse crop in Southeast Asia 
and the Indian sub-continent. Mungbean is grown in almost all the states of 
India and is cultivated as a kharif (monsoon) and summer season crop in 
different agro-ecological regions. Loam to sandy loam soils with good 
internal drainage are considered ideal for mungbean cultivation. In India, 
mungbean was grown over an area of 3.35 million hectares with the 
production of 1.03 million tonnes in 2006 (Fig. 1). The average yield of 315 
kg/ha is low and is not sufficient to meet the growing demand. In order to 
break the yield plateau in mungbean, efforts are needed to develop high 
yielding varieties with appropriate growth habit. The breeding methodology 
applied to mungbean has been purely conventional (selection and 
hybridization). In some cases, the progress obtained for productivity has 
exploited the variability to such a large extent that only further progress from 
the classical methods of breeding becomes more and more difficult. The 
possibility offered by mutagenic agents to induce new genetic variation is, 
therefore, of extreme interest. Since mungbean is a self-pollinated crop, 
mutation breeding could be rewarding for broadening the genetic base of 
important traits such as yield attributes. 
1.2. Economic importance 
Seeds of mungbean are highly nutritious containing 24% protein, 1.0 -
1.5% fat, 3.5 - 4.5% fibre, 4.5 - 5.5% ash and 59 - 65% carbohydrate on dry 
weight basis (Tsou et ah, 1979) and provide 334 - 344 k cal energy 
(Srivastava and Ali, 2004). The mineral component is high in phosphorous 
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(370 mg/100 g), calcium (118 mg/100 g) and iron (8 mg/100 g). Mungbean 
protein is considered to be easily digestible. Being rich in quality proteins, 
minerals and vitamins, it is inseparable ingredient in the diets of a vast 
majority of Indian population. 
The dried grains of mungbean can be split or eaten whole after 
cooking and made into a soup or dhal (porridge). Mungbean is also eaten as 
sprouts. Green pods and seeds can be cooked as vegetables. It is also 
recommended as a medicinal diet in case of flatulence and to the sick. It is 
rich in vitamin B and is regarded as a remedy for beri-beri. Dried and green 
stalk and leaves of mungbean are used as fodder. 
1.3. Botanical description 
Mungbean belongs to the genus Vigna of the family Fabaceae 
(Papilionaceae). The plant has tap root, provided with nodules. Stem is erect 
or suberect, fiirrowed and branched. Leaves are trifoliate, ovate with large 
petiole. Inflorescence is axillary raceme. Flowers are cleistogamous, bisexual 
with papilionaceous corolla, 10 stamens [(9) + 1], monocarpellary, 
unilocular and superior ovary. Pollination takes place before the opening of 
the flower bud. Mature pods are round and have grey or brownish colour. 
Seeds are globular, green but sometimes marbled with yellow brown, purple 
brown or black; hilum is white, round and more or less flat. Germination is 
epigeal. 
1.4. Induced mutations 
Mungbean is a self-pollinated crop. Due to lack of sufficient natural 
variability, conventional methods of plant breeding had a limited scope in 
the improvement of mungbean. Micke (1999) advocated that mutation 
approach was superior to other methods of crop improvement especially in 
cases where the required amount of variation could be produced rapidly. 
Mutation breeding is a well functioning branch of plant breeding 
supplementing to conventional methods in a favourable manner (Gottschalk, 
1986). Mutation breeding combines several advantages in plant 
improvement by upgrading a specific character without altering the original 
genetic make-up of the cultivar. In that sense, it provides a rapid method to 
improve local crop varieties, without going through extensive hybridization 
and back crossing used in conventional breeding. One of the chief 
advantages of mutation breeding is that it can give rise to many different 
mutant alleles with different degree of trait- modification. In contrast, 
transposon or T-DNA mutagenesis generally leads to loss of function 
through gene disruption (Chopra, 2005). Therefore, conventional 
mutagenesis is still favoured for crop improvement. 
In recent years a lot of work has been undertaken on induced 
mutagenesis through physical and chemical mutagens. It has been clearly 
shown in a number of plant species that the effect induced, varies with the 
varying mutagens and with the variation in mutagen doses. Thus selecting a 
mutagen and its optimum dose for a genotype in any plant species is an 
important step in mutation breeding programme. Records maintained by the 
joint FAO/IAEA Division in Vienna show that more than 2000 crop 
cultivars which derived one or more useful traits from induced mutations 
were released worldwide and have an enormous economic impact upon 
agricultural production (Maluszynski et al., 1995; FAO/IAEA, 2003). In 
pulses, a total of 265 varieties have been developed using induced mutations 
(Bhatia et al., 2001). In mungbean, only 14 such mutant varieties have been 
released for cultivation which is a poor figure in comparison to other pulses. 
Out of 14 mutant varieties developed, 13 have been developed by using 
gamina rays or X-rays and one after the chemical mutagen treatments. 
Mutation breeding technique may have a greater role in crops like mungbean 
where a large part of the natural variability has been eliminated in the 
process of adaptation to the stress of the environment. Mutations are grouped 
into two major categories on the basis of their phenotypic manifestations: 
(i) micromutations - these involve changes in quantitative traits and can 
be measured at the level of population using various statistical 
parameters, such as, character mean, variance, heritability etc. and, 
(ii) macromutations - with large changes in the characters which can be 
detected even without instrumental help at the level of individual 
plant. 
The interest in micromutations for generating polygenic variability 
increased after Brock (1965) proposed the hypothesis of induction of 
quantitative variability through mutagenic treatment. Micromutations 
produce genetic variability in quantitative traits of the crop plants. Hence, 
they deserve fiill attention of plant breeders. Such mutations should be useful 
for improving quantitatively inherited traits (such as yield) without 
disturbing the major part of the genotype and the phenotypic architecture of 
the crop. In the recent years, there have been a number of attempts to assess 
radiation induced genetic variability in quantitative traits of pulses. 
However, little information exists concerning the influence of chemical 
mutagens on quantitative traits in mungbean. 
1.5. Objectives 
Keeping in view the economic and nutritional importance of 
mungbean - a self-fertilized crop, the present study is aimed at 
understanding the genetic basis of quantitative traits in Vigna radiata about 
which information is very scanty. An attempt has been made to evaluate 
quantitative traits in Mi to M3 generations following mutagenesis with 
ethylmethane sulphonate (EMS), hydrazine hydrate (HZ) and sodium azide 
(SA) in two varieties of mungbean viz., PDM-11 and NM-1. 
The following are the aspects studied during the course of present 
study: 
1. to study the biological damage caused by the mutagens in Mi 
generation 
2. to study the frequency and spectrum of chlorophyll and morphological 
mutations in M2 generation 
3. to compare the effectiveness and efficiency of different mutagens 
4. to determine the component(s) having the highest contribution to seed 
yield 
5. to determine the extent of genetic variability present in the components 
and their possible effect on the scope for advancement through 
selection 
6. to enhance the yield potential by isolating promising lines 
7. to study the total seed protein content in the isolated mutant lines. 

Chapter-2 
REVIEW OF LITERATURE 
2.1. Origin, taxonomic classification and chromosome number 
According to De Candolle (1984) and Vavilov (1926), mungbean 
originated from the Indian subcontinent. The maximiun diversity among 
related species is limited to the upper western ghats and decan hills. Vigna 
radiata var. sublobata appears to be the most probable progenitor of both 
Vigna radiata and Vigna mungo (Zukovskiji, 1962) and occurs as a wild 
cultivar in India and Indonesia (Dana, 1976). 
The taxonomic classification of mungbean was compiled by Bose 
(1932). There is great controversy amongst the taxonomists regarding 
whether mungbean should be kept in the genus Phaseolus or Vigna. 
Roxburgh (1832) named mungbean as Phaseolus mungo wild and the yellow 
variety (Sona mung) as Phaseolus aureus Roxb. Duthie and Fuller (1882) 
also followed the same classification. However, Prain (1903) had changed 
the classification and called the mungbean as Phaseolus radiatus Linn. Bose 
(1939) referred to inungbean as Phaseolus radiatus Linn. Syn. Phaseolus 
aureus Roxb. The name of Phaseolus aureus for mungbean remained viable 
until many taxonomists considered that Asiatic Phaseolus species (old 
world) i.e. section Ceratotropis should be transformed to the genus Vigna. 
Piper (1926) differentiated Phaseolus from Vigna genus based on keel 
characteristics (keel is straight and not laterally coiled or curved as in Vigna, 
while it is curved or coiled in Phaseolus). The criterion for differentiation 
between the genera Phaseolus and Vigna have been reviewed by Evans 
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(1975), and Marechal (1975). Wilczek (1954) named Vigna radiata (L.) 
Wilczek for Phaseolus aureus L., the mungbean. 
Karpechenko (1925) reported the diploid chromosome number of 
mungbean as 22 but Rao (1929) found it to be 24. However, majority of the 
species of Phaseolus bear the basic chromosome number (n = 12), as 
determined by various workers (Sarbhoy, 1978; Sinha and Roy, 1979; Dana, 
1980). Most species are diploid with 2n=22, showing that there is a perfect 
uniformity in chromosome number of this genus. Sinha and Roy (1979) 
reported that the wide morphological divergence in respect of colour of 
flowers, seed size, pod size etc. amongst the species of this genus can, 
therefore, be assumed to have been produced due to the structural differences 
in their chromosome complements and gene pool. 
2.2. Mutagenesis 
The concept of inducing mutations and utilizing them for improving 
cultivated plants is more than eighty years old. It was put to use for the first 
time by Muller in 1927 when he succeeded in inducing certain variations in 
Drosophila. Stadler (1928) while working on the effect of X-rays in barley 
reported that it was possible to obtain very high mutation rates through 
irradiation. 
Thus, in the beginning, mutation breeding was based primarily upon 
X-rays, gamma rays and thermal neutrons. The constantly increasing level of 
knowledge in experimental mutation research was to a high extent due to the 
fact that not only physical but also chemical mutagens became available. The 
first elaborate report was presented by Auerbach and Robson (1942) who 
showed that mustard gas could induce mutations as well as chromosomal 
breaks in Drosophila. Some of these chemical mutagens, for instance. 
ethylmethane sulphonate (EMS), methylmethane sulphonate (MMS), 
ethylene imine (EI), diethyl sulphate (dES), N-nitro-N-methyl urea (NMU), 
N-nitroso-N-ethyl urea (NEU), sodium azide (Na N3) and hydrazine hydrate 
(HZ) among others were found to be more effective than X-rays and gamma 
rays (Konzak et al., 1965; Swaminathan, 1966; Nilan et al, 1973; Kleinhofs 
et al, 1978; Kimball, 1977; Sander et al, 1978; Awan et al, 1980; Singh 
and Chaturvedi, 1981; Gaikwad and Kothekar, 2004; Khan et al, 2006a). 
Experiments on higher plants have shown that chemical mutagens have 
much greater advantage over ionizing radiations (Salnikova, 1995). This is 
due to a milder effect on the genetic material of a cell as against the physical 
mutagens which break the chromosome. Rapoport (1966) discovered 
overwhelming majority of strong chemical mutagens which are being used 
widely in genetic and breeding research. Using chemical mutagenesis in his 
research, LA. Rapoport has made a valuable contribution to the theory, 
having developed his own concept of 'microgenetics', i.e. about gene 
structure, function of genetic material, mechanism of mutation induction, 
their origin and manifestation in the progeny, mechanism of mitosis and 
stability of genetic state in living forms. The nature, essential properties and 
mode of action of physical and chemical mutagens has been reviewed by 
Kaul (1989), Kaul and Nirmala (1999) and Siddiqui (1999). Our knowledge 
on the fundamental aspects of the mutational process and the possible 
mechanism of action of various physical and chemical mutagens has fairly 
widened with reports and reviews of Gottschalk (1978a,b), Gottschalk and 
Wolf (1983), Sharma (1985), Crueger (1993), Khan (1997) and Kodym and 
Afza (2003). Though there are several unanswered questions regarding the 
action of mutagens, yet a more comprehensive account of them has been 
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given by Sharaia (1985). The preferred mutagens belong to the class of 
alkylating agents (EMS, MMS, dES, NMU, NEU). Alkylation refers to the 
substitution of an alkyl group (e.g. C2H5 of EMS) for a hydrogen in the 
nitrogenous bases (Sharma and Chopra, 1994). The alkylation of DNA leads 
to the following effects (Haughn and Somerville, 1987; Ashbumer, 1990; 
Sharma and Chopra, 1994; Siddiqui, 1999). 
(i) Alkylation of the phosphate groups of DNA: Alkylation leads to the 
formation of phosphate triesters which are unstable and release the 
alkyl group. However, if enough alk>'l groups remain unreleased, then 
the attached alkyl groups interfare with DNA duplication. Sometimes 
the phosphate triester is hydrolyzed between the sugar and the 
phosphate and results in the breakage of the DNA backbone, 
(ii) Alkylation of bases: The seventh position in the guanine is a preferred 
site for alkylation but it has been established that the major mutagenic 
effects arise from O^ alkylation of guanine. O alkyl-guanine can pair 
with thymine and leads to base pair transition, 
(iii) Depurination: The alkylated guanine can separate from the 
deoxyribose leaving it depurinated. The gap can be filled up by any 
base during DNA replication leading to transversion or transition type 
of mutation. 
The mutagenic action of ethylmethane sulphonate (EMS) was studied 
earlier in Drosophila (Fahmy and Fahmy, 1957), bacteriophage (Loveless, 
1959), Escherichia coli (Strauss, 1964), barley and wheat (Gustafsson, 1960; 
Ehrenberg, 1960; Swaminathan et al., 1962) and Arabidopsis (Greene et al., 
2003). Because of its ability to induce a high frequency and wide spectrum 
of mutations (Swaminathan et al, 1962; Hussein et al., 1974; Khan et al., 
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1998; Van Harten, 1998; Hohmann et al., 2005), EMS is now being widely 
accepted as a powerful mutagen and is used commonly in the induction of 
mutations in various crop plants. 
Sodium azide (SA), one of the latest additions in the list of potent 
mutagens, has been reported to be highly effective in barley (Nilan et al., 
1973; Kleinhofs et al., 1974; Konzak et al., 1975; Cheng and Gao, 1988; El-
Den, 1993), oats (Rines, 1985), rice (Hong and Kwon, 1985; Reddi and 
Suneetha, 1992; Silva et al., 2001), peas (Sander and Muehlbauer, 1977), 
black gram (Misra, 1995), soybean (Vig, 1973, 1975), lentil (Reddy and 
Annadurai, 1992; Gaikwad and Kothekar, 2004; Khan et al., 2006b), linseed 
(Badere and Choudhary, 2004) and potato (Kale and Kothekar, 2006). 
Sodium azide mutagenicity was first observed by Wyss et al. (1948) in their 
studies on the role of peroxides in radiation induced mutagenesis. Later on 
Berger et al. (1953), observed that sodium azide increased the frequency of 
penicillin and streptomycin resistant mutants in Staphylococcus aureus. 
They interpreted the observed mutagenicity as an indirect effect due to the 
inhibition of catalase and peroxidase by sodium azide resulting in the 
accumulation of hydrogen peroxide in the bacterial cells. The hydrogen 
peroxide was presumed to be the actual mutagen. Sodium azide mutagenicity 
in higher plants was discovered inadvertently in experiments using this 
chemical as a respiratory inhibitor in Hordeum vulgare (Spence, 1965). 
Again, the inhibition of catalase and peroxidase by azide was presumed to 
result in increased peroxide concentration in the cell and, therefore, the 
mutagenic effect. Its pH dependency was reported by Sideris et al (1969) 
and Nilan et al. (1973) in barley. Sodium azide induces mostly gene 
mutations with negligible frequency of chromosomal aberrations (Kleinhofs 
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et al., 1974). Combination of sodium azide with physical or chemical 
mutagens was found to increase the mutation frequency (Singh and 
Olejniczak, 1983; Cheng and Gao, 1990; Reddy and Revathi, 1991). Sodium 
azide is reported to produce high mutagenic effects in several crops, 
depending on treatment conditions (Sarma et al., 1979; Ando and Tulmann 
Neto, 1979, 1996; Ando et al., 1980; Hasegawa and Inoue, 1980). 
There is a certain amount of evidence about the mutagenic action of 
hydrazine in both, prokaryotes and eukaryotes. It was sometimes classified 
as primarily an inactivating agent with weak mutagenic activity (Fishbein et 
al., 1970), but studies with bacterial species suggest that it can fairly be a 
potent mutagen with little or no toxic effect (Kimball and Hirsch, 1975). A 
useful review of the earlier work with special emphasis on the chemical basis 
for mutagenesis of hydrazine was given by Brown et al. (1966). Hydrazine 
was reported to induce a variety of morphological, chlorophyll, yield, 
physiological and colour mutants in several crop plants such as barley 
(Shangin Berezovsky et al., 1973), maize (Chandrashekhar and Reddy, 
1971), potato (Upadhya et al., 1974), rice (Ratho and Jachuck, 1971; Reddy 
and Reddy, 1972; Reddy et al., 1973), tomato (Jain and Raut, 1966; Jain et 
al., 1969; Raut, 1969; Yokovleva, 1975), chilli (Raghuvanshi and Singh, 
1982), sorghum (Reddy and Smith, 1984), black gram (Rehman et al., 2001) 
and chickpea (Khan et al., 2005b). In general, hydrazine in these studies 
appeared to be as successful as other potent mutagens. However, it appeared 
to differ in two ways: 
(i) it produced a number of mutations detectable in M] generation, 
whereas the other mutagens produced fewer or none, 
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(ii) the spectrum of mutational changes (phenotypic classes) for hydrazme 
was generally very different from that of other mutagens (Kimball, 
1977). Hydrazine has been reported to react with the pyrimidines in 
DNA to saturate the 5, 6 double bond, especially of thymine to form 
N'^-amino-cytosine and to open up the pyrimidine ring with consequent 
loss of pyrimidines from DNA or through intermediate radical 
reactions including the formation of hydrogen peroxide depending 
upon the hydrazine derivatives involved (Kimball, 1977). There are 
some unexpected features concerning time of detection and locus 
specificity that are not yet explained. The mutations produced by 
hydrazine seem to be mainly or entirely single-locus changes. 
International programme on chemical safety (EHC, 1987) has given an 
illustrated report on various aspects of hydrazine. 
Apart from easy handling and better efficiency, chemical mutagens 
have greater specificity than radiations (Auerbach, 1965; Handro, 1981). 
They have been proved to be more potent and efficient in inducing mutations 
than physical ones (Sharma, 1965; Blixt and Mossberg, 1967; Kharkwal, 
1998 a,b). Therefore, chemical mutagenesis has become the method of 
choice for genetic studies, remaining popular even with the advent of new 
technologies (Jain, 2002; Greene et ah, 2003). 
2.2.1. Mutagen dose and genotypic sensitivity 
The frequency and the spectrum of mutations differ depending on the 
mutagen used and the dose applied. An optimum dose is the one which 
produces the maximum frequency of mutations and causes minimum 
killings (Solanki and Waldia, 1997). Many workers feel that a dose close to 
lethal dose-50 (LD50) should be optimum. It is that dose of the mutagen 
14 
which would kill 50% of the treated individuals. In general, an over dose is 
likely to kill too many treated individuals, while an under dose would 
produce too few mutations. The LD50 of a particular genotype varies greatly. 
This is due to the fact that genetic architecture of an organism is a potent 
factor in determining the genotypic difference towards the mutagens. 
Polyploid species have been found to be slightly resistant to the action of 
mutagens than their diploid ones (Reddy et aL, 1991) and, therefore, the 
effective dose is likely to vary in an individual crop. Effective mutagen 
doses can be selected on the basis of analysis of Mi parameters (Konzak et 
aL, 1965). A decline in survival of the mutated population of chickpea has 
been associated with an increase in the dose of the mutagen (Singh, 1988) 
which may result from cytogenetic damage and/or physiological 
disturbances as suggested by Sato and Gaul (1967). Van Harten (1998) 
reported that it is better to perform a 'seedling growth test' with a range of 
doses to determine the optimal treatment conditions for a specific cultivar. 
With a view to enhance the mutation rate and also to alter the spectrum of 
mutations, many variations in treatment methodology have been used by 
different workers. Treatments with chemical and physical mutagens have 
been given to dry as well as soaked seeds, seedling at different 
developmental stages, at variable temperature and ionic concentrations of 
chemical mutagens. According to Solanki and Waldia (1997), the dose of a 
chemical mutagen treatment is made up by several parameters, of which the 
most important are, concentration, duration of treatment and temperature 
during treatment. 
It is well known that the same mutagen dose can cause different 
degrees of effect in different species (Bhatia et ah, 2001). Varied mutagenic 
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sensitivity of different genotypes was reported by many workers. Bykovets 
and Vasykiv (1971) conducted mutation studies in leguminous crops like 
soybean, peas and Lathyrus with three chemical mutagens viz., NEU, NMU 
and dES. It was found that all crops are not mutable to the same extent and 
that the maximum mutagenic effect appeared in peas followed by soybean 
and Lathyrus. Khan et al. (1998) studied the mutagenic effect of maleic 
hydrazide (MH) m two varieties of Vigna radiata and found the var. PS-16 
to be more sensitive than the var. K-851. Akbar et al. (1976) concluded from 
their studies in rice that the differences in radiosensitivity among rice 
varieties may be due to the difference in their recovery process involving 
enzyme activity. Findings of Khamankar (1984) in tomato with regard to the 
differential sensitivity of tomato genes to different physical and chemical 
mutagens are of considerable interest. He showed that the rate of mutations 
was different with different mutagens at certain loci. Some of the gene loci 
were affected by one mutagen but not by the other. 
2.2.2. Biological damage 
Using a large number of Mi parameters individually or in 
combination, it is possible to identify plants which suffered maximum 
damage due to mutagenic treatment. Such parameters are:,seed germination, 
seedling height, survival, pollen and seed fertility, aberrations on leaf surface 
and meiotic abnormalities. 
Although the variation induced by mutagens are not always useful, the 
induced biological damage has been used as a criterion in determining the 
effect of the mutagen in question and also the sensitivity of the biological 
material. Seed treatment with physical as well as chemical mutagens is 
known to produce adverse effects on seed germination, seedling growth, 
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survival and plant growth in general (Anwar and Reddy, 1981; Fujimoto and 
Yamagata, 1982; Mahto et al, 1989; Reddy et ai, 1992; Edwin and Reddy, 
1993; Singh et ai, 1993; Khan et al., 1994; Brunner, 1995; Kumar and 
Mani, 1997; Amamath and Prasad, 1998; Kumar and Dubey, 1998a; 
Siddiqui and Azad, 1998; Rehman et aL, 2000; Cheema and Atta, 2003; 
Khan et al., 2004a; Barshile et al., 2006; Alka et al., 2007). However, there 
are a few reports of promoting effect of mutagens when applied at lower 
doses (Mujeeb, 1974; Vadivelu and Rathinam, 1980; Vandana and Dubey, 
1988; Kumar and Dubey, 1994). Kodym and Afza (2003) observed that 
germination is not a good indicator for an effective mutagen dose. Konzak et 
al. (1972) and Joshua and Bhatia (1983) proposed that seedling height is 
used as an index in determining the biological effects of various mutagens in 
Ml generation. Blixt (1972) in Pisum and Solanki and Sharma (1999) in 
lentil found that seedling damage (leaf aberrations) to be the most effective 
index among all Mi parameters. A positive relationship was observed by 
Singh (1988) between the degree of leaf aberrations in Mi and 
morphological mutation rate in M2 generation of chickpea. Pollen fertility is 
an index of meiotic behaviour of chromosomes. Greater the abnormality in 
the behaviour of chromosomes, greater will be the sterility of pollen grains. 
High degree of pollen sterility was observed after mutagenic treatments in 
various crop plants (Gautam et al., 1992; Sarawgi and Soni, 1994; Kumar et 
al., 1996; Kumar and Mani, 1997; Khan et al., 1998; Mathur and Lai, 1999; 
Dhamyanthi and Reddy, 2000; Muthusamy and Jayabalan, 2002). 
2.2.3. Mutagenic effectiveness and efficiency 
Before the start of any sound breeding programme, a knowledge of 
relative biological effectiveness and efficiency of various mutagens and their 
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selection is essential to recover high frequency of desirable mutations 
(Smitli, 1972; Kumar and Mani, 1997). It is not necessary that an effective 
mutagen shall be an efficient one also (Koli and Ramkrishna, 2002; Gaikwad 
and Kothekar, 2004; Khan et al., 2005b). Both of these though are two 
different properties but the usefixlness of any mutagen in plant breeding 
programme depends on both of them. 
Mutagenic effectiveness is a measure of the mutations induced per 
unit dose of a mutagen, while mutagenic efficiency gives an idea of genetic 
damage (mutation) in relation to the total biological damage caused in Mi 
generation (Konzak et al., 1965; Gautam et al., 1992; Khan, 1997). Kaul 
(1989) explained that the efficiency of each mutagen depends upon the 
recovery of types and frequency and spectrum of mutations induced. 
According to him, the most desirable mutagen is the one that is least 
damaging and highly useftil mutation yielder. The response of biological 
system to physical and chemical mutagens is influenced to a varying degree 
by numerous biological, environmental and chemical factors. These factors 
modify the effectiveness and efficiency of different mutagens greatly and 
same is true for the'mutation rate (Savin et al., 1968; Blixt, 1970; Nilan et 
al., 1973; Fujimoto and Yamagata, 1982; Ogunbodede and Brunner, 1991; 
Kodym and Afza, 2003). The effectiveness and efficiency of mutagens has 
thus been reported to vary to a greater extent in various crop plants such as 
wheat (Desai and Bhatia, 1975; Chowdhury, 1978), triticale (Reddy and 
Gupta, 1989), rice (Rao and Rao, 1983; Reddi and Suneetha, 1992), sorghum 
(Sree Ramulu, 1972; Reddy and Smith, 1984), barley (Jagtap and Das, 
1976), lentil (Dixit and Dubey, 1986a; Reddy and Annadurai, 1992), 
Lathyrus (Nerker, 1977; Prasad and Das, 1980; Kumar and Dubey, 1998a; 
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Bawankar and Patil, 2001), mungbean (Khan and Hashim, 1979; Mehraj-ud-
din et al., 1999) and fenugreek (Koli and Ramkrishna, 2002). Kharkwal 
(1998a) studied the comparative mutagenic effectiveness and efficiency of 
two physical (gamma rays and fast neutrons) and two chemical mutagens 
(NMU and EMS) on two desi (G 130 and H 214) and one kabuli (C 104) 
chickpea varieties. He found that NMU was the most potent, while EMS was 
least efficient mutagen and gamma rays showed least effectiveness. Both, the 
mutagenic effectiveness and efficiency were found to be higher at lower 
doses of the mutagens. Kaul and Bhan (1977) reported that EMS is more 
effective and efficient mutagen than dES and gamma rays in rice. According 
to Mahapatra (1983) sodium azide (at low pH) was more effective and 
efficient than gamma rays, EMS and NMU. Chemical mutagens, in general, 
have been found to be more efficient than gamma rays (Seetharam et al., 
1974 in finger millet; Gautam et ah, 1992 in black gram; Kharkwal, 1998a in 
chickpea and Solanki and Sharma, 1999 in lentil). It has been noticed that 
among the monofunctional mutagens, while methylating agents are more 
toxic and thus have to be used only at lower concentrations (IAEA, 1970; 
Fujimoto and Yamagata, 1982), ethylating agents, being less toxic, can be 
applied at relatively higher concentrations to yield more mutations. Inter-
varietal differences with respect to effectiveness and efficiency of the 
mutagens have also been reported (Khan, 1981; Rao and Rao, 1983; Sharma, 
2001). It was found that a treatment which induces least biological damage 
generally shows a high degree of mutagenic effectiveness and efficiency 
(Khan e/a/., 2005b). 
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2.2.4. Chlorophyll mutations 
The enhancement of mutation frequency and alteration of mutation 
spectrum in a predictable manner are the two important goals of mutation 
research. In the past, varied approaches have been tried to achieve these 
goals (Gustafsson, 1963; Nilan, 1967; Swaminathan and Sharma, 1968). 
The scoring of chlorophyll mutations in M2 generation has proved to be the 
most dependable index for evaluating the genetic effects of mutagenic 
treatments. Several authors have reported the occurrence of different types of 
chlorophyll mutations such as albina, xantha, chlorina, viridis, virescent, 
tigrina etc, in M2 generation following treatments with various mutagenic 
agents (Dahiya, 1973; Venkateshwarlu et al., 1978; Prasad and Das, 1980; 
Dixit and Dubey, 1986a; Arora and Kaul, 1989; Reddi and Suneetha, 1992; 
Reddy et al., 1993; Mohanasundaram et al., 1998; Singh et al., 1999; John, 
1999; Prakash and Shambulingappa, 1999; Szarejko and Maluszynski,1999; 
Deepa and Devi, 2000; Bawankar and Patil, 2001; Waghmare, 2001a; Paul 
and Singh, 2002; Kumar et al., 2003; Toker and Cagirgan, 2004; Khan et al., 
2005b; Yamaguchi et al., 2006). Ionizing radiations generally produce a 
higher proportion of albina mutations than chemical mutagens (Swaminathan 
et al., 1962; Ando, 1970; Gupta and Yashvir, 1975; Subramanian, 1980; 
Cheema and Atta, 2003). Kaul and Bhan (1977) observed high frequency of 
albina types in EMS treated population of rice as compared with gamma rays 
treated ones. Kleinhofs et al. (1978) observed the azide spectra for albina, 
viridis and xantha to be somewhat similar to dES spectra. They further 
reported that the higher proportion of viridis in relation to albina induced by 
azide as compared to gamma rays may be due to the vast difference between 
the two mutagens for induction of chromosome breaks. Chemical mutagens 
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induce higher frequency of chlorophyll mutations than radiations as 
observed in mungbean (Singh et ah, 2000) and also in many other crops viz., 
chickpea (Kharkwal, 1998b), pea (Blixt et aL, 1963; Monti, 1968; Blixt, 
1972; Filippetti et aL, 1977), lentil (Sharma and Sharma, 1981; Tripathi and 
Dubey, 1992; Vandana et aL, 1994) and Lathyrus sativus (Waghmare and 
Mehra, 2001). 
Combined treatments with different physical and chemical mutagens 
alter the mutation frequency and spectrum. Singh et aL (1999) reported that 
combined treatments of gamma rays and EMS were most effective in 
producing chlorophyll mutations frequency than their individual treatments 
in Vigna mungo. Synergistic effects of combined treatments of gamma rays 
and EMS for the induction of chlorophyll mutations in barley was reported 
by Khalatkar and Bhatia (1975). Similar synergistic effects were also 
reported in black gram (Gautam et aL, 1992) in the combination treatments 
of gamma rays and EMS. In cereals and legumes, most of the mutagens 
given in combination exhibit synergism but in Pisum (Arora and Kaul, 
1989), combined treatment (gamma rays + EMS) reveals antagonism. The 
synergism among two mutagens may be firstly because of the first mutagen 
treatment making accessible otherwise non-available sites for reaction to the 
second mutagen; and secondly pre-mutational lesions induced by the first 
mutagen become fixed due to an inhibitory effect of the second mutagen on 
repair enzymes (Sharma, 1972; Payez and Deering, 1972). Both these 
pathways should yield a frequency of mutations higher than the total of the 
two mutagens applied individually. EMS was reported to induce a wider 
spectrum of chlorophyll mutations than the ionizing radiations. The 
superiority of EMS in inducing chlorophyll mutations in a higher frequency 
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than the other mutagens was also advocated by Hussein et al. (1974) in pea, 
Kawai (1969) and Reddi and Suneetha (1992) in rice, Reddy et al. (1993) in 
lentil and Khan et al (2005b) in chickpea. Thakur and Sethi (1995) reported 
that frequency of chlorophyll mutatipns was 2-3 times higher in sodium 
azide than in EMS and gamma rays treatments in barley. Khan and Siddiqui 
(1992a) using EMS, MMS and SA reported that the induction of chlorophyll 
mutations in Vigna radiata was dose dependent. Higher concentration/dose 
of mutagens have been reported to be more effective in inducing greater 
frequency of chlorophyll mutations (Sarma et al, 1979; Reddy and Gupta, 
1989; Reddy and Revathi, 1991; Venkatachalam and Jayabalan, 1993; Singh 
et al, 1999; Amamath and Prasad, 2000; Das and Kundagrami, 2000). There 
are strong indications that total mutation frequency (chlorophyll and 
morphological mutations) and spectrum are associated with the dose of 
mutagen. However, according to Gaul (1964), Vo Hung (1974), Kaul and 
Bhan (1977), Khan (1986a), Reddi and Suneetha (1992), Raveendran and 
Jayabalan (1997) and Mitra and Bhowmik (1999), the highest dose is not 
always most effective treatment. The frequencies of chlorophyll mutations in 
different varieties With different mutagens have been found markedly 
different (Venkateshwarlu et al, 1978; Khan, 1981; Singh et al, 1999; Das 
and Kundagrami, 2000; Devi et al, 2002; Barshile et al, 2006). 
2.3. Morphological mutations 
Mutations have been variously classified and described by 
Swaminathan (1964) and Gottschalk and Wolf (1983). Kaul (1989) classified 
mutations into macromutations or megamutations (morphological mutations) 
and micromutations. Macromutations, whether resulting from single gene 
changes or chromosomal aberrations, behave as monogenic traits and follow 
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the Mendelian pattern of inheritance. On the other hand, micromutations are 
governed by the principles of quantitative genetics (Sharma, 1997). 
Induction of morphological mutations by physical or chemical mutagens has 
been reported in Pisum sativum (Gottschalk, 1965; Blixt, 1972), Lens 
culinaris (Ramesh and Dhananjay, 1996; Solanki and Sharma, 1999), Vicia 
faba (Sjodin, 1971; Filippetti and De Pace, 1986; Yasm, 1996), Phaseolus 
vulgaris (Marghitu, 1972; Jha, \9^^\Cajanus cajan (Rao and Reddy, 1993; 
Ravikesavan et al, 2001), Vigna mungo (Appa Rao and Jana, 1976; 
Vanniarajan et al, 1993), Lathyrus sativus (Waghmare et al, 2001; Girhe 
and Choudhary, 2002), Vigna unguiculata (Banu et al, 2002; Henry, 2002) 
and Cicer arietinum (Ahmed and Godward, 1993; Gaur and Gour, 2001; 
Khan et al, 2004b; Ambarkar et al, 2005). 
Mutations affecting growth habit, flower, foliage and maturity have 
been reported in mungbean (Krishnaswami et al, 1977; Subramanian, 1980; 
Tickoo, 1987; Chhabra and Singh, 1988; Singh et al, 1988; Saini and 
Mahna, 1989; Singh and Sharma, 1993; Mahna et al, 1994; Singh and 
Singh, 1995; Khan and Siddiqui, 1996; Singh et al, 2000; Khan et al, 
2005a; Sangsiri et al, 2005). The 'advance stigma mutant' of mungbean was 
reported by Raghuvanshi et al (1978). The calyx of the flowers was 
enlarged and the style protruded out of the bud which is a favourable 
peculiarity in hybridization programmes. A dwarf mutant was obtained by 
Rehman et al (2001) in black gram which was vigorous in growth and had 
bold seeds. Unbranched mutants were earlier reported by Mouli and Patil 
(1976). Early flowering mutants have been reported by Kumar and Dubey 
(1998b). According to George and Nayar (1973), earliness in flowering may 
be due to the physiological changes caused by irradiation. Flower colour 
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mutations have been reported in various plants (Datta and Gupta, 1982 a,b,c; 
Datta, 1988 a,b; Datta et al, 1985; Datta and Banerji, 1995; Karpate and 
Choudhary, 1997; Atta et al, 2003; Datta and Goel, 2005; Padmavathi, 
2005). There are several reports on the effect of physical and chemical 
mutagens on the size, shape and colour of the seeds (Kaul, 1978; Phadnis, 
1978; Ghosh et al, 1981; Vandana et al, 1994; Singh, 1996; Malhotra et al, 
1997; Mohanasundaram et al, 2001; Waghmare, 2001b; Joshi and Verma, 
2004). Dwarf, short culm and early flowering mutants were induced in rice 
by azide treatment (Awan et al, 1980). 
Frequency of morphological mutations has been found to increase 
with increase in the dose of the mutagen (Thakur and Sethi, 1995). Datta and 
Sengupta (2002) reported that spectrum of morphological mutations was 
wider in lower doses of the mutagens. Vanniarajan et al (1993) observed the 
higher frequency of morphological mutations at medium doses of ganmia 
rays and EMS treatments. Kumar and Mani (1997) are of the opinion that 
spectrum and frequency of morphological mutations vary with mutagen and 
duration of treatment. Genetic differences of the experimental organism also 
have role in the recoverable frequency and spectrum of morphological 
mutations (Kharkwal, 1999; Sharma, 2001; Khan et al, 2004b). 
2.4. Quantitative traits 
Improvement of cultivated plants largely depends on the extent of 
genetic variability available within the species. Mutagenesis has provided a 
handy tool to enhance natural mutational rate and thereby enlarge the genetic 
variability and increase the scope for obtaining the desired selections. The 
significance of small mutations in evolution was first recognized and 
emphasized by Baur (1924). Most of the plant attributes of interest to plant 
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breeders are quantitative traits which are controlled by polygenic 
interactions. In such situations, the efficiency of selecting a desirable mutant 
is generally lower than for specific traits controlled by a single gene. Gaul 
(1965) emphasized the significance of micromutations in plant breeding by 
stating that 'there appears to be no doubt that micromutations may effect 
virtually all morphological and physiological characters as do large 
mutations and they might have higher mutation rate than the 
macromutations.' There are much differences of opinion among the breeders 
on the relative incidence of induced polygenic variation in negative or 
positive direction and shift of the mean in M2 and later generations (Brock, 
1965; Gaul and Aestveit, 1966; Goud, 1967; Rao and Siddiq, 1976). Many 
workers hold the view that induced mutations can be used to generate usefial 
variation in quantitatively inherited traits where appropriate selection has 
been applied for improvement (Scossiroh, 1964; Lawrence, 1965; Brock 
1970; Chakrabarti, 1975; Kaul and Kumar, 1983; Khan and Siddiqui, 1992b; 
Tickoo and Chandra, 1999; Khan and Wani, 2006a). It has been observed 
that induced mutations occur more or less randomly in the genome and 
inheritance is almost ever recessive, therefore, homozygosity is required for 
expression (Micke, 1999). 
Several workers have so for reported encouraging results about the 
induction of usefiil quantitative variability in different plants including 
cereals like wheat (Konzak, 1973; Siddiqui, 1983; Boreiko et ah, 1986; 
Khan, 1988; Nalini et al, 1993; Kalia et al, 2000; Jamil and Khan, 2002; 
Sakin and Yildirim, 2004), rice (Swaminathan et al., 1969; Misra et al, 
1973; Awan et al., 1980; Kaul and Kumar, 1983; Shanthi and Singh, 2001; 
Ishiy et al., 2006), barley (Gustafsson, 1963; Gaul, 1964; Sharma and Sutar, 
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1977; Bhargava and Khalatkar, 1986; Nalini et al, 1993), triticale (Reddy 
1988,1989; Viswanathan et al, 1994) and pulses like pigeonpea (Rao, 1984 
Srivastava and Singh, 1993), cowpea (Murugan and Subramanian, 1993 
Gunasekaran et al, 1998; Pandey, 2002), urdbean (Kundu and Singh, 1981 
Shaikh et al, 1983; Singh and Raghuvanshi, 1987; Sarwar et al, 1987 
Singh, 1996; Smgh et al, 2000; Singh and Singh, 2001), lentil (Kumar and 
Lai, 2001; Solanki and Sharma, 2001, 2002; Khan et al, 2006b), faba bean 
(Filippetti and De Pace, 1986; Verma and Rao, 1994; Joshi and Verma, 
2004) and chickpea (Harer et al, 1999; Kharkwal, 2001; Khan and Wani, 
2005b). 
After the studies of Brock (1965, 1967), it became a common practice 
to advance only normal looking M2 plants to M3 generation and apply the 
first dose of selection not earlier than M3. Comparative studies of selection in 
M2 and M3 generations revealed in many cases that the two generations may 
not differ in respect of selection response (Scossiroli, 1968; Sharma, 1977). 
Gupta and Swaminathan (1967), Tickoo and Jain (1979), Bhadra (1982) and 
Sharma (1986) concluded that promising progenies can be identified with 
high degree of confidence in M2 on the basis of mean and variance. Jana and 
Roy (1973) selected M2 families on the basis of significantly changed mean 
only. Bhadra (1982) employed inter - and intra family selection in black 
gram on the basis of mean and variance in M2 generation. Selection for 
quantitative traits, such as yield, should preferably be carried out in early 
generation because most of the desired combinations of favourable alleles 
are likely to be lost in advanced generations due to intensive or even no 
selection for other traits (Sneep, 1977). Kharkwal (1983), Saini and Gautam 
(1990) and Sharma (1997) also emphasized the effectiveness of such early 
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selection for identifying superior lines for polygenically inherited traits. The 
efficiency of M2 generation selection has been reported in lentil (Sarker and 
Sharma, 1988), pea (Singh, 1988), mungbean (Tickoo and Chandra, 1999) 
and sesame (Sheeba et al, 2003). Heritability and genetic advance are 
important genetic parameters from breeding view point. They give an idea of 
effectiveness of selection in the material to be carried forward. Frey (1969) 
reported that mutagen derived variability for quantitative traits in crop plants 
is heritable and the response of selection is good. Scossiroli et al. (1966), 
Ignacimuthu and Babu (1993), Mohanty (2001), Chaudhary et al. (2004), 
Khan et al. (2006a) and Trivedi et al. (2006) clearly brought out that m the 
treated population the estimates of heritability were larger and varied with 
trait to trait. Johnson et al. (1955) and Kaul and Garg (1979) suggested that 
heritability in combination with genetic advance was more helpful in 
predicting the effect of selection. Sharma (1977) studied induced variability 
in lentil and observed higher coefficient of genotypic variability for all the 
characters except seed size in M2, suggesting that a part of the variability 
recorded is genetic which increased the heritability and genetic advance. 
Ravi et al. (1979) also reported higher heritability and genetic advance in 
lentil. In urdbean, Singh and Singh (2001) observed high estimates of 
heritability for pods per plant, pod bearing branches, 100-seed weight and 
total plant yield. High estimates of heritability and genetic advance showed 
that number of pods per plant should be the main criterion for selection. Kaul 
and Kumar (1983) and Rather et al. (1998) in rice and Sakin and Yildirim 
(2004) in wheat studied genetic variability for quantitative traits and 
concluded that heritability values for different quantitative traits were several 
times higher in the treated population than in the control. 
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Both physical and chemical mutagens were used in pulses for 
generating variability in quantitative traits (Chaturvedi and Singh, 1980; 
Kundu and Singh, 1981, .1982; Sharma and Sharma, 1984; Reddy et al., 
1992; Sharma and Singh, 1992; Srivastava and Singh, 1993; Khan et al., 
1994; Kumar et aL,<1995; Mehetre et al, 1998; Tickoo and Chandra, 1999; 
Waghmare and Mehra, 2000; Rehman et al., 2001; Yaqoob and Rashid, 
2001; Devi and Singh, 2006). In mungbean, different workers have reported 
increased variability for various quantitative characters in mutagen treated 
population as observed by significant changes in the mean values and 
coefficient of variability as compared to the control. Positive or negative 
mean shifts were reported for the various quantitative traits after mutagenic 
treatments (Prasad, 1976; Shakoor and Haq, 1980; Tickoo and Jain, 1979; 
Khan, 1984; Verma and Singh, 1984; Ahmad and Yaqoob, 1993; Singh et 
al, 2001). Chaturvedi and Singh (1980) obtained some synchronously 
maturing mutants in M2 generation from treated seeds of mungbean with 
NMU. Yadav and Singh (1988) also observed mutation for synchronous 
maturity by exposing mungbean var. PS-16 with gamma rays. Khan (1986b), 
using EMS and ganima rays singly or in combinations, observed an increase 
in the genetic variability for various quantitative traits in the var. PS-16 of 
mungbean. Rajput (1974) reported increased variability in M2 population 
after irradiation of mungbean with gamma rays. Krishnaswami et al. (1977) 
studied the, phenotypic responses of mungbean to X-rays and gamma rays 
and reported an increase in variance for quantitative traits in M2 generation. 
Khan et al. (1998) studied the mutagenic effects of maleic hydrazide (MH) 
on plant height, days to flowering and days to maturity in M2 and M3 
generations of mungbean varieties K-851 and PS-16. The shifl; in mean 
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values after the MH treatments was noticed in negative direction, except 
days to flowering in the var. K-851, for all the characters in comparison with 
their respective controls. 
As stressed by Aastveit and Gaul (1967), in mutation breeding 
programmes there is imperative need to undertake studies on correlation 
coefficients in a routine manner, in addition to the estimation of genetic 
variability in characters such as, yield and yield contributing traits. Bahl 
(1988) studied the change in correlations between various character pairs 
after mutagenic treatment. Kumar and Arora (1991) and Guler et al. (2001) 
studied relationships among various plant characteristics and yield in 
chickpea. Several highly significant changes towards desirable side were 
induced in correlation coefficients of character pairs in the mutagen treated 
population (Rao, 1996; Khan and Siddiqui, 1997; Kharkwal, 2003; Raut et 
al, 2004; Khan and Wani, 2005b; Mubeen et al, 2007). 
Contrary reports are available in literature on the extent of success of 
induced mutations for high grain yield coupled with high protein content of 
the mutants. Some workers are of the opinion that high protein content is 
difficult to combine with high yield as these two traits reveal almost negative 
correlation (Blixt, 1979; Desai, 1979; Hartwig, 1979; Abo-Hegazi, 1980; 
Kaul, 1980b, 1982; Gottschalk and Muller, 1982; Matta and Gatehouse, 
1982). Gottschalk (1990) explained that there is no doubt that these traits are 
controlled by genes and mutations in these genes can alter the protein make 
up of the genotypes. It is, however, very difficult to discern their action 
reliably because these traits are highly influenced by environmental factors. 
That the protein production in plants is influenced by the interaction of 
gene(s) and environmental factor(s) has also been reported by few other 
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workers (Sengupta et ah, 1986; Singh et ai, 1990). However, high yielding 
mutants coupled with high protein content were reported by Misra et al. 
(1973) and Borah and Goswami (1995) m rice, Olejniczak (1986) in maize, 
Bansal (1971) in barley, Kalia et al (2000) in wheat, Shaikh et al. (1982) 
and Kharkwal (1998c) in chickpea and Naik et al. (2002) in mungbean. 
The survey of important literature on induced mutations in pulses 
particularly in mungbean reveals the following facts: 
• Physical mutagens have been extensively used for the induction of 
mutations in crop plants. Chemical mutagens, if tried, have been used 
mostly in combination with the physical mutagens with a few 
exceptions. 
• Information on basic features like the effectiveness and efficiency of 
chemical mutagens, their mutation rate and possible role in generating 
polygenic variability in mungbean is scanty. 
In view of the above facts, it was felt desirable to use chemical 
mutagens belonging to different groups for generating polygenic variability 
in mungbean, a self-pollinated crop. 

Chapter - 3 
MATERIALS AND METHODS 
3.1. Materials 
3.1.1. Varieties used 
Two varieties of mungbean {Vigna radiata (L.) Wilczek) namely 
PDM-11 and NM-1 were used in the present study. Seeds of both the 
varieties were obtained from the Director, Indian Institute of Pulses Research 
(IIPR), Kanpur (Uttar Pradesh). Both the varieties are well adapted to 
agroclimatic conditions of Uttar Pradesh (including the site of this study) and 
are popular for cultivation in this region. Aligarh, the site of present study, 
has the characteristic semi-arid and sub-tropical climate with hot dry 
summers and cold winters. The average rainfall in this district is 847.30 mm. 
During the summer, the average temperature is 35°C. The soil of Aligarh is 
sandy loam and alkaline. Informations obtained from Dr. Shiv Kumar, 
Principal Scientist and Head, Division of Crop Improvement, IIPR, Kanpur, 
are given below: 
Name of 
variety 
Pedigree Year of 
release 
Distinguishing characters 
PDM-11 Selection from LM 95 1987 Matures in 65-70 days, erect, 
brownish black pods, shining green 
medium size seeds, resistant to 
YMV, average yield is 10-15 Q/ha. 
NM-1 G 65xUPM 79-3-4 1992 Matures in 65-70 days, erect with 
medium height, seeds dull green and 
medium size, resistant to YMV, 
average yield is 10-12 Q/ha. 
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3.1.2. Mutagens used 
Three different chemical mutagens were used in the present study. 
3.1.2.1. Ethylmethane sulphonate (EMS)-C3H803S 
EMS, a monofiinctional alkylating agent, is manufactured by Sissco 
Research Laboratories Pvt. Ltd., Mumbai, India. 
3.1.2.2. Hydrazine hydrate (HZ)-NH2NH4H20 
HZ, a base analogue, is manufactured by Qualigens Fine Chemicals, 
Mumbai, India. 
3.1.2.3. Sodium azide (SA)-NaN3 
SA, a respiratory inhibitor, is manufactured by Indian Drugs and 
Pharmaceuticals Ltd., Hyderabad, India. 
3.2. Experimental procedures 
3.2.1. Preparation of mutagenic solutions 
The solutions of chemical mutagens viz., EMS and HZ were prepared 
in phosphate buffer of pH 7, whereas SA solutions were prepared in 
phosphate buffer adjusted to pH 3. Only freshly prepared solutions were 
used for all the mutagenic treatments. 
3.2.2. Pre-soakiiig of seeds 
Healthy seeds of uniform size of each variety were used in the present 
experiments. The seeds were soaked in distilled water for 9 hours prior to the 
treatment with mutagens. 
3.2.3. Mutagenic treatments 
The following concentrations of different mutagens were used for 
treating the pre-soaked seeds. 
EMS: 0.1%, 0.2%, 0.3% and 0.4% 
HZ: 0.01%, 0.02%, 0.03% and 0.04% 
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SA: 0.01%, 0.02%, 0.03% and 0.04% 
3.2.4. Sample size: 350 seeds were used for each treatment. 
3.2.5. Treatment time: The treatments were given at temperature of 
27±l°Cfor6hours. 
3.2.6. Controls: For each variety, 350 pre-soaked seeds were again 
soaked in phosphate buffer for 6 hours to serve as controls. 
During the treatment, flasks containing the solution and seeds were 
firequently shaken to ensure sufficient aeration. After treatment, the seeds 
were thoroughly washed in running tap water to remove the excess of 
mutagen. 
3.3. Handling and selection of the treated material in different 
generations 
3.3.1. Ml generation 
Three replications of 100 seeds each, were sown for every treatment 
and control in each variety in a complete randomized block design (CRBD) 
at Agriculture Farm, Aligarh Muslim University, Aligarh. The distance 
between the seeds in a row and between the rows was kept 30x60 cms, 
respectively. The experiment was conducted during the summer season of 
2004. Recommended agronomic practices were employed for preparation of 
field, sowing and subsequent management of the population. 
The remaining lot of 50 seeds were used for determining percentage of 
seed germination and seedling height i.e. root and shoot length. Seeds of 
each treatment and the controls of both the varieties were spread over moist 
cotton in petriplates. Finally the petriplates were kept in the B.O.D. 
incubator at 27+1 °C temperature. 
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3.3.2. Studies in Mi generation 
3.3.2.1. Seed germination 
The percentage of seed germination was calculated on the basis of the 
total number of seeds sown in petriplates and number of seeds germinated. 
3.3.2.2. Seedling height 
Seedling height was recorded after 10 days by measuring the root and 
shoot length for each treatment and the control. Seedling injury was 
measured in terms of reduction in seedling height with respect to the control. 
3.3.2.3. Pollen fertility 
Pollen fertility was determined from 30 randomly selected plants (10 
from each replicate) from each treatment and control at the time of 
flowering. Pollen grains were stained with 1% acetocarmine solution. Pollen 
grains which took stain and had a regular outline were considered as fertile, 
while the shrunken, empty and unstained ones were counted as sterile. 
3.3.2.4. Plant survival 
The surviving plants in different treatments were counted at the time 
of maturity and the survival was computed as percentage of the germinated 
seeds in the field. 
The following formula was used to calculate the percentage of 
inhibition, injury or reduction. 
Percentage of inhibition 
or 
„ ^ f. . Control - Treated , . . Percentage oi injury = x 100 
Control 
or 
Percentage of reduction 
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3.3.2.5. Morphological abnormalities 
The plants showing abnormalities in cotyledons and leaves were 
recorded in the field. The frequency of cotyledonary abnormalities and of the 
abnormalities in size and shape of the leaf in various treatments was 
calculated by the formula given below: 
Cotyledonary/ No. of seedlings showing cot./leaf abnormalities 
leaf abnormalities (%) = • x 100 
Total number of Mj seedlings 
3.4. M2 generation 
For raising M2 generation, twenty five healthy seeds from each normal 
looking Ml plant of all different treatments with their respective controls in 
both the varieties were planted in the plant progeny rows. The different 
treatments and controls comprised of 50 progenies. The spacing was 
maintained at 30 cm (plant to plant in a row) and 60 cm (between the rows) 
in the field. Three replications were maintained in each treatment. 
3.4.1. Studies in M2 generation 
3.4.1.1. Chlorophyll mutations 
Chlorophyll mutations were scored when the seedlings were 7-15 days 
old. They were identified and classified according to Gustafsson (1940). The 
frequency of chlorophyll mutations was calculated by the following formula: 
- , ^ . r- , „ , . Number of mutant seedlings , . . 
Mutation frequency (%) = — x 100 
Total number of Mj seedlings 
3.4.1.2. Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of mutations 
induced by unit dose of a mutagen (time x cone), while mutagenic 
efficiency represents the proportion of mutations in relation to biological 
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damage. Formulae suggested by Konzak et al. (1965) were used to evaluate 
the mutagenic effectiveness and efficiency of the mutagens used. 
, , ^ . „- . Rate of mutation (Mp) 
Mutagenic effectiveness = 
Mutagenic efficiency = 
Duration of treatment x concentration 
Rate of mutation (Mp) 
* Biological damage in Mj generation 
*Biological damage: For measuring the biological damage, two different 
criteria were used; 
(i) Injury - i.e. percentage reduction in seedling height (Mp/I) 
(ii) Sterility - i.e. percentage reduction in pollen fertility (Mp/S) 
3.4.1.3. Quantitative traits 
Observations were made on 25-30 normal looking plants of each 
progeny, for each treatment along with the control. The progenies 
segregating for macromutations were not used for such analysis. The 
following nine quantitative traits were thoroughly studied in different 
generations: 
(1) Days to flowering: Number of days taken by the plant from date of 
sowing up to the date of opening of first flower bud. 
(2) Plant height (cm): Plant height was measured at maturity in 
centimeters from the base up to the apex of the plant. 
(3) Days to maturity: Days to maturity were noted as the number of days 
taken by the plant from the date of sowing up to the date of harvesting 
of the plant. 
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(4) Number of fertile branches: Number of fertile branches were 
counted at maturity as the number of branches which bore more than 
one pods. 
(5) Number of pods: Number of pods were counted at maturity and noted 
as the number of pods borne on the whole plant. 
(6) Pod length (cm): The pods were measured in centimeters and the 
mean for each plant was calculated for pod length. 
(7) Seeds per pod: The best pods were threshed and number of seeds per 
pod was counted. The mean was calculated for each plant. 
(8) 100-seed weight (g): It was taken as a weight of a random sample of 
100 seeds from each plant. 
(9) Total plant yield (g): Plant yield was the weight of total number of 
seeds harvested per plant and the yield of each plant was recorded in 
grams. 
3.5. M3 generation 
For raising M3 generation, two treatments of each chemical mutagen 
for each variety were selected which gave the maximum total plant yield in 
M2 generation. The selected treatments were, 0.2%, 0.3% of EMS and 
0.02%, 0.03% of HZ and SA. For each of these treatments, 10 M2 progenies 
were selected which showed significant deviations in mean values in the 
positive direction from the mean values of control, particularly for the yield 
components under study in M2 generation. Seeds from each selected M2 
progeny were sown in plant progeny rows. Seeds were taken only from the 
normal looking M2 plants. Plants showing chlorophyll, morphological and 
other variations were discarded from each progeny. The plant to plant and 
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row to row distance was kept the same as in earlier experiments. Traits 
studied in M3 generation were the same as in M2 generation. 
3.5.1. Seed protein estimation 
Seed protein content of the mutants isolated in M3 generation was 
estimated following the method of Lowry et al. (1951). For extraction of 
soluble and insoluble protein, seed powder was kept in an oven at 80°C 
overnight. Then it was cooled and 50 mg sample was transferred to a mortar 
and ground by a pestle with 5 ml of DDW. The ground material was 
collected in a centrifuge tube. The tube was centrifuged at 4000 rpm. The 
supernatant was collected in a 25 ml volumetric flask using 2-3 washings 
with DDW. Volume was made upto the mark with DW and kept for 
estimation of soluble protein. The residue was used for the estimation of 
insoluble protein. 
3.5.2. Insoluble protein estimation 
To the residue, 5 ml of 5% trichloroacetic acid (TCA) was added. The 
solution was shaken thoroughly and allowed to stand at room temperature 
for 30 minutes. It was then centrifuged at 4000 rpm for 10 minutes and the 
supernatant was discarded. 5 ml of IN sodium hydroxide was added to the 
residue and mixed well and kept for 30 minutes. The residue was allowed to 
stand in a water bath at 80°C for 30 minutes. Then it was cooled and 
centrifuged at 4000 rpm. The supernatant together with three washings with 
IN sodium hydroxide was collected in a 25 ml volumetric flask. The volume 
was made upto the mark with IN sodium hydroxide. 
For the estimation of seed insoluble protein, 1 ml of sodium hydroxide 
extract was transferred to a 10 ml test tube and 5 ml of reagent D (Appendix 
V) was added and allowed to stand for 10 minutes. 
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0.5 ml of reagent E (Appendix V) was added rapidly with immediate 
mixing. After 30 minutes, the solution turned blue. The optical density of the 
solution was read at 660 nm on "Spectronic-20D", Milton Roy, USA, 
colorimeter. A blank was run with each sample. The optical density of this 
solution was compared with standard curve, used for soluble protein. 
3.5.3. Soluble protein estimation 
For the estimation of soluble-protein, 1 ml of water extract from 
supernatant was transferred to a 10 ml test tube. 5 ml of reagent C (Appendix 
V) was added. The solution was mixed and allowed to stand for 10 minutes 
at room temperature. 0.5 ml of reagent E (Appendix V) was added rapidly 
with immediate mixing. 
After 30 minutes, the blue coloured solution was transferred to a 
colorimetric tube and its intensity was measured by reading its optical 
density (O.D.) at 660 nm, using a "Spectronic-20D" colorimeter. 
A blank was run simultaneously. The soluble protein content was 
estimated by comparing the optical density of each sample with a calibration 
curve plotted by taking known dilutions of a standard solution of egg 
albumin. 
3.5.4. Standard for protein 
40 mg of egg albumin was taken in a 100 ml volumetric flask, to 
which 1-2 ml of 0.1 N NaOH was added. The flask was rotated careftilly 
placed on a water-bath for a short period (5-10 minutes) for heating. After 
the albumin became solubilized, the volume of the flask was made upto the 
mark by double distilled water. From this solution a range of 10 volumes i.e. 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was pipetted out to ten 
different test tubes. The solution in each test tube was diluted to 1 ml by 
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adding 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1 and 0.0 ml of double distilled 
water, respectively. 
In each test tube 5 ml of reagent C (Appendix V) was mixed and 
allowed to stand for 10 minutes at room temperature. 0.5 ml of reagent E 
(Appendix V) was then added rapidly with inmiediate mixing. The optical 
density (O.D.) of the solution was read at 660 nm using a "Spectronic-20D" 
colorimeter. A blank was also run simultaneously and a calibration curve 
was plotted. 
The soluble protein content was estimated by comparing the optical 
density of each sample with a calibration curve plotted by taking known 
dilutions of a standard solution of egg albumin. 
3.5.5. Total seed protein estimation 
The total protein content of the seeds was obtained by adding the value 
for the soluble and insoluble protein content. 
3.6. Statistical analysis 
Data collected for nine quantitative traits in M2 and M3 generations 
were subjected to statistical analysis in order to assess the extent of induced 
variation, as indicated below: 
3.6.1. Mean (X) 
The mean was computed by taking the sum of a number of values (Xj, 
X2 Xn) and dividing by the total number of values (N) involved, thus; 
^ _ Xi + Xj + X„ 
N 
or X = ^ ^ 
N 
where, Xi, X2, Xn = Observations 
N = Total number of observations involved 
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3.6.2. Standard error (S.E.) 
S.D. of sample 
S.E. = 
where, S.D. = Standard deviation 
N = Number of observations 
3.6.3. Components of variance 
Analysis of variance was done according to Singh and Chaudhary 
(1985) to find out the variance between the families and within the families. 
The components of variance considered were: 
(i) Within-family variation in the control and in the treated material 
which was an estimate of environmental variation, 
(ii) between-families variation which was an estimate of the between 
families genetic variation. 
3.6.3.1. Genotypic variance (ci^ g) 
The genotypic variance (a^g) was estimated by the following formula: 
. ^ (MS3,-MSJ 
N 
where, MSsr and MSe = Mean sum of squares for between families and 
within families or error, respectively 
N = Number of replications 
3.6.3.2. Genotypic coefllcient of variation (GCV) 
GCV(%) = ^^^ X 100 
X 
3.6.3.3. Phenotypic variance ( a^p) 
Phenotypic variance was estimated by summing the estimated 
genotypic variance (a^g) and the environmental variance (MSg or a^e) 
2 2 2 
a p = a g + a e 
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3.6.3.4. Phenotypic coefficient of variation (PCV) 
PCV(%) = ^ t ^ x 100 
X 
3.6.3.5. Heritability (h )^ 
It is the ratio of genotypic variance to the total phenotypic variance. 
The broad-sense heritability (h^) was estimated by the formula suggested by 
Johnson et al. (1955). 
2 
h2(o/o) = - ^ X 100 
CT t 
where, a^g = Induced genotypic variance 
a t = Total phenotypic variance (a t = a g + a e) 
calculated from the treated population 
3.6.3.6. Genetic advance (GA) 
The estimates of genetic advance (GA) with 1% selection intensity 
were based on the formula given below: 
GA = k. op. h^ 
Where, h = Broad sense heritability 
op = Phenotypic standard deviation of the mean 
performance of treated population 
K = 2.64, constant for 1% selection intensity 
— GA 
GA (% of X) = - ^ X 100 
X 
3.6.4. Test of significance 
In order to compare the means of various treatments, critical (least 
significant) difference was applied and computed as follows: 
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Step-1. Construction of data table 
The data were compiled such that each treatment occupies a column 
and their replicates were arranged in rows. 
Rows 
(Replicates) 
Ri 
R2 
R3 
Total of 
column (S) 
Ti 
A, 
A2 
A3 
Ai+..A3 = Y, 
Column (Treatments) Number 
T2 
B: 
B2 
B3 
B,+..B3 = = Y2 
T3 
Ci 
C2 
C3 
C,+..C3 = = Y3 
T4 
Di 
D2 
D3 
Di+..D3 = Y4 
Ts 
E, 
E2 
E3 
E,+..E3 =Y5 
Total of 
Rows 
(Replicates) 
(2) 
Ai+..E,=X, 
A2+..E2=X2 
A3+..E3 = X3 
ix,f+..(x,f 
Squares 
of total 
of rows 
(X,)' 
(X2)' 
(X3)' 
= Wr 
Squares of total (Y,)^ 
of columns (2)^ 
(Yif (Y3)' (Y4)' 
(GRAND TOTAL) 
Y,+..Y5 
= Wx 
X1+..X3 
(Y5)' (Y,)'+..(Y5)' = Wy 
Sum of square (.Aif+..(A,f (B,)'+..(B3)' (Cif+.XCiY (D,)'+..(D3)' (EiYM^zf 
of total of _ „ _ „ _ r , ' _ 7 _ 7 
columns (S) 
Z,+..Z5 Wz 
Step-2. Correction Factor (CF) 
(Grand total)^  
CF = 
t.r. 
or CF (Wx)^  t.r. 
Where, t = number of treatments 
r = number of replicates 
Wx = grand total 
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Step-3. Total sum of squares (SSQT) 
This is the sum of squares of all the values in the table, minus the 
correction factor. 
SSQT = [(Ai)^ + (Bi)^ + .... (Elf] - CF 
or SSQT = W z - C F 
Step-4. Sum of squares of treatments (SSQt) 
r 
or SSQt = ^ - CF 
r 
where, r = number of replicates 
Step-5. Sum of squares of replicates (SSQr) 
t 
Wr 
or SSQr = ^ ^ - CF 
where, t = number of treatments 
Step-6. Sum of squares of error (SSQe) 
SSQe = SSQT - (SSQt - SSQr) 
Step-7. Estimated variance of error (MSe) 
MS. =. ^^Q-
(t-l)(r-l) 
Step-8. Critical (least significant) difference 
CD at 5% (p=0.05) level = J ^ x (t-value at 5% level) 
CD at 1% (p=0.01) level = J ^ x (t^ value at 1% level) 
If the difference between any two treatment means exceeds the CD 
values obtained at 5% and / o r 1% level, the difference between the two 
means is taken to be significant. 
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3.6.5. Correlation coefficient (r) 
Correlation coefficient, a statistical measure which indicates 
association between two or more than two characters (say number of pods 
and plant yield), generally denoted by symbol 'r', involves the following 
steps in computation: 
Step-1. Construction of data table 
Observations of pair of characters were arranged in the table as 
follows: 
S.No. of 
pairs of 
observation 
1 
2 
3 
4 
5 
Total 
No. of pods 
(X) 
Xi 
X2 
X3 
. X4 
X5 
EX 
Plant yield (g) 
(Y) 
Yi 
Y2 
Y3 
Y4 
Ys 
S Y 
X^  
(Xi) ' 
(X2)' 
(X3)' 
(X4)' 
(Xsf 
ZX^ 
Y^ 
(Yif 
(Y2)' 
(Ysf 
(Y4)' 
(Ys)' 
Z Y ' 
XY 
XiYi 
X2Y2 
X3Y3 
X4Y4 
X5Y5 
ZXY 
Step-2. Computation of the following 
(i) Sum of X-values 'Z X' 
(ii) SumofY-values ' lY' 
(iii) Square of each X-value and their sum 'Z X '^ 
(iv) Square of each Y-value and their sum 'Z Y^' 
(v) Product of each pair (X and Y) and their sum 'Z XY' 
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Step-3. Computation of 'r' values as follows 
NEXY - (EX) (EY) 
r = V[NEX' -(EX^)] [(NEY' -(EY^)] 
Where, N = Number of pairs of observations 
Test of significance of 'r' 
The 't' test for correlation coefficient was applied to determine 
whether the relationship between two traits is really significant or merely 
due to chance. It was computed as follows: 
l N - 2 
J l - ( r ) ' 
where, r = Correlation coefficient 
N = Total number of observations 
The observed value of correlation coefficient is compared with the 
tabulated value for (N-2) degree of freedom. If the observed value is more 
than the table value of't ' , the relationship is said to be significant. 

Chapter - 4 
EXPERIMENTAL RESULTS 
Results of the present study are elaborated below, generation-wise. 
4.1. Studies in Mi generation 
4.1.1. Biological damage 
The effects of chemical mutagenic treatments were studied on seed 
germination, seedling height, plant survival at maturity, pollen fertility and 
cotyledonary and foliage leaves abnormalities in Mi generation. For 
identification of variations, the plants raised from treated seeds were 
compared with control (untreated) plants. 
4.1.1.1. Seed germination 
Data recorded on percent seed germination are presented in Tables 1 
& 2; Fig. 3. A gradual decrease was observed in seed germination with 
increasing concentrations of mutagens in both the varieties (PDM-11 and 
NM-1) of mungbean. Both the varieties differed in the extent of reduction in 
seed germination. Seed germination was affected more adversely in the var. 
NM-1 than in the var. PDM-11. In the var. NM-1, germination was recorded 
to be 98.00 percent in control. Sodium azide treatments were found to cause 
maximum reduction in seed germination followed by HZ and EMS 
treatments. In the var. NM-1, the percentage inhibition was 12.24 and 32.65 
with 0.01% and 0.04% SA, respectively (Table 2). It was 6.25 and 22.91 
with these concentrations in the var. PDM-11 (Table 1). 
Germination started the second day after sowing in control in both 
the varieties. However, it was delayed by more than two days in the lots 
treated with higher concentrations of all the three mutagens. 
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4.1.1.2. Seedling height 
Data recorded for seedling height of 8 days old seedlings, raised in 
petriplates in B.O.D. incubator, are presented in Tables 3 & 4; Fig. 6. Results 
showed that all the mutagenic treatments brought about reduction in seedling 
height which was also dose dependent. In the var. PDM-11, the total 
seedling height (root and shoot length) was 11.40 cm in control. Seedling 
injury ranged from 4.38 to 21.66 percent in the treatments of EMS and 6.66 
to 26.93 percent in the HZ treatments. The injury was more drastic in SA 
treatments, ranging from 9.12 to 31.14 percent (Table 3). 
In the var. NM-1, the seedling height was 11.85 cm in control. The 
seedling injury ranged from 13.92 to 37.55 percent with 0.01% to 0.04% 
treatments of SA (Table 4). Seedling injury was affected drastically in SA 
treatments followed by HZ and EMS treatments and the higher 
concentrations of all the mutagens showed a more severe effects on seedling 
height in both the varieties. Variety NM-1 was more sensitive with respect to 
seedling height. 
4.1.1.3. Pollen fertility 
The study of pollen fertility in the mutagen treated population forms 
a reliable index in assessing any internal change in the plants as well as in 
determining the efficiency of a mutagen. The pollen fertility was dose 
dependent as evident from a proportionate decrease with increasing 
concentrations of EMS, HZ and SA in both the varieties (Tables 1 & 2; Fig. 
5). The highest percentage of reduction (26.82 at 0.4% EMS and 23.14 at 
0.04% HZ) in pollen fertility was observed with EMS and HZ treatments in 
the var. PDM-11, whereas in the var, NM-l, it was 27.41 and 23.75 percent 
with the highest concentration of EMS and HZ, respectively. Pollen sterility 
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induced by SA treatments was less as compared with EMS and HZ in both 
the varieties. Based on the pollen fertility, EMS was found to be more 
effective followed by HZ and SA. 
4.1.1.4. Plant survival 
Data on plant survival in Mi generation recorded at maturity are 
given in Tables 1 & 2; Fig. 4. Percentage of plant survival decreased in all 
the treatments of the mutagens. However, it was dose independent. The 
highest plant survival was observed in the controls of varieties PDM-11 and 
NM-1. 
4.1.2. Morphological abnormalities 
4.1.2.1. Cotyledonary leaves 
The frequency of different cotyledonary abnormalities at seedling 
stage recorded in Mi generation in the field is given in Tables 5 & 6; Fig. 7; 
Plate I. 
These abnormalities (variations in the number of cotyledonary 
leaves) were noted with different mutagenic treatments in both the varieties. 
However, the varieties showed differences in magnitude of the frequency 
even at similar concentrations of the mutagens. In the EMS treated 
population, the pooled frequency was 20.35 in the var. PDM-11 and 22.32 in 
the var. NM-1, while in the HZ treated population, it was 12.94 in the var. 
PDM-11 and 16.22 in the var. NM-1. SA induced the least frequency of such 
anomalies in both the varieties. The frequency of type II was the highest 
followed by types-I and III. All these abnormal seedlings except type-I were 
normal plants in flowering and set seeds. 
The characteristic anomalies of the cotyledonary leaves are given 
below: 
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Type-I: Seedlings with one cotyledonary leaf instead of a pair in control 
seedlings. 
Type-II: Seedlings with an extra cotyledonary leaf. 
Type-Ill: Seedlings with an extra pair of cotyledonary leaves. 
4.1.2.2. Leaf morphology 
Frequency of mutagens induced leaf abnormalities in the form of 
variation in shape, size and number (bi-, tetra- and pentafoliate) is presented 
in Table 7; Fig. 8; Plate II. The frequency of these abnormalities was greater 
at the higher concentrations of the mutagens. It was the highest in the var. 
NM-1 than in the var. PDM-11. The maximum frequency of leaf anomalies 
was encountered in EMS treated population followed by HZ and SA. 
Sodium azide treatments did not induce leaf anomalies in the var. NM-1. A 
brief account of each type is given below. 
Narrow leaflets: A few plants with narrow leaflets were encountered in HZ 
treated population of the var. NM-1. Such plants were also noticed with SA 
in the var. PDM-11. The width of leaflets was reduced as compared to 
control. The plants were fertile. 
Bifoliate: Bifoliate'leaves were noticed with different treatments of EMS 
and HZ in both the varieties. The plants were slow in growth and late in 
flowering and maturity. 
Multifoliate: Plants bearing multifoliate (tetra- and pentafoliate) leaves were 
observed with all the mutagenic treatments of EMS and HZ in both the 
varieties. However, their frequency was higher at the higher concentrations 
of the mutagens. Such plants were vigorous in growth. SA treatments did not 
induce multifoliate leaves in any variety. 
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Fig.3 (a,b,c): Effects of mutagens on seed germination in M| generation of mungbean. 
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Fig.4 (a,b,c): Effects of mutagens on plant survival in Mi generation of mungbean. 
100 -. 
90 
- , 80 -
£ 70 ^ 
^ 60 -
1 50 1 
5 40 
5 30 
* 20 
10 
0 -
C 01 02 OJ 04 
EMS (•/.) 
90 
£ 70 H 
! • 60 1 '" 
E *o 
f 30 
^ 20 
10 
C 0 01 0 02 
HZC/.) 
0 03 004 
90 
„ 80 
£ 70 
1" 60 
1 50 
8 40 
3 30 
"• 20 
10 
C 001 002 003 004 
SA (*/.) 
(a) (b) (c) 
Fig.5 (a,b,c): Effects of mutagens on pollen fertility in M, generation of mungbean. 
Var.PDM-11 Var.NM-1 
!• JO 
S 20 
1 
« 10 
0 
g40 
1-30 
S 20 
50 
g 4 0 
s 
B 20 
01 02 03 
EMS (%) 
0 01 0 02 0 03 
HZ (•/.) 
0 01 0 02 0 03 
SA (•/.) 
(a) (b) (c) 
Fig.6 (a,b,c): Effects of mutagens on seedling injury in Mi generation of mungbean. 
15 -
I e\ 
I 3 
C 0 1 
/ 
0 2 
EMS (*/.) 
/ > 
y* — 
0 3 
\ 
—-^  
0 4 
n -
1 '-
i 6 -
I 3 
C 0 01 
/ 
0 02 
HZC/.) 
/C:^ 
0 03 
P=* 
004 
J' 4 
1 
1- 2 -
C 001 0 02 
SA (•/.) 
0 03 004 
(a) (b) (c) 
Fig.7 (a,b,c): Frequency of cotyledonary abnormalities in Mi generation of mungbean. 
01 02 03 
EMS (%) 
10 
0 01 0 02 0 03 
HZ (•/.) 
10 
1: 
I 2 
001 002 003 
SA (•/.) 
(a) (b) (c) 
Fig.8 (a,b,c): Frequency of leaf abnormalities in Mi generation of mungbean. 
50 
Lobed leaflets: One plant with lobed leaflets was encountered with 0.3% 
EMS treatment in the var. NM-1. The leaflets were thick, light green with 
lobed leaf margins. All the floral parts were modified into leafy structures. 
Fused leaflets: Plants with fused leaflets at the base and fi-ee tips were 
observed in EMS and SA treated population of the var. PDM-11. Delayed 
flowering was noticed in such plants. 
4.1.3. Quantitative traits 
Data recorded on nine quantitative traits namely, days to flowering, 
plant height (cm), days to maturity, number of fertile branches per plant, 
pods per plant, pod length (cm), seeds per pod, 100-seed weight (g) and total 
plant yield (g) in mutagenized population of mungbean in Mi generation are 
presented m Appendices I-IV. Statistical analysis was done to find out the 
mean (X), standard error (± SE) and coefficient of variation (CV %). The 
estimates of average mean of different traits, presented in Appendices II and 
IV, shows that there was no significant difference in mean values for most of 
the quantitative traits after treatments with EMS, HZ and SA in both the 
varieties. However, the values of coefficient of variation were increased as 
compared to the controls for all the traits. The values of coefficient of 
variation differed from trait to trait. The highest increase in CV over the 
control was recorded for fertile branches per plant and the lowest for pod 
length in both the varieties. 
4.2. Studies in M2 generation 
4.2.1. Seed germination 
The percentage of seed germination in the control and treated 
population of the two varieties viz; PDM-11 and NM-1 of mungbean in M2 
generation is given in Table 8; Fig. 9. Although a dose dependent decrease in 
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seed germination persisted, the percentage of germination sliowed a good 
proportion of recovery in M2 generation. In the var. PDM-11, the percentage 
of germination was recorded 96.00 in control, 82.00 in 0.4% EMS, 80.00 in 
0.04% HZ and 78.00 in 0.04% SA, whereas in the var. NM-1, it decreased 
from 96.00 in control to 76.00 in 0.4% EMS, 72.00 in 0.04% HZ and 70.00 
in 0.04% SA. 
4.2.2. Pollen fertility 
Compared to control, reduction in pollen fertility in the treated 
population was higher. But the percentage of pollen sterility in M2 was less 
than that of Mi generation indicating that a recovery process has operated in 
the intervening period (Table 8; Fig. 10). In both the varieties, maximum 
pollen sterility was recorded in EMS and minimum in SA treated population. 
4.2.3. Frequency and spectrum of chlorophyll mutations 
During the first 15 days at seedling stage, chlorophyll mutations were 
recorded in the field in the two varieties of mungbean after treatment with 
different chemical mutagens. The spectrum of M2 chlorophyll mutants 
included; albina, chlorina, maculata, xantha, virescent and viridis. Maculata, 
viridis and virescent survived upto maturity and produced few seeds, while 
albina, xantha and chlorina died at seedling stage. A brief description of 
different chlorophyll deficient mutants is given below: 
Albina: It is a lethal mutant, easily identified in the field because of white 
leaves of seedlings. These seedlings survived for 8-10 days after 
germination. 
Chlorina: These were characterized by the presence of light green colour of 
first pair of leaves in seedlings. The emerging leaves were also light green 
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and became darker with the approach of maturity, but never regained the 
normal green colour. These seedlings died within 15 days. 
Maculata: Seedlings showed yellow or whitish dots on leaves. Plants were 
vigorous, late in maturity and produced few seeds. 
Xantha: Leaves were yellow in colour. Seedlings survived for 10-15 days 
only. 
Virescent: The leaves were white or light yellow in colour, with patches of 
yellowish green or green colour that appeared gradually. In most cases, these 
yellowish or light green patches completely disappeared and the normal 
colour was regained. They were as vigorous as the normal plants and set 
seeds. 
Viridis: These mutants' were characterized by reduced height and viridine 
green colour of leaves. The plants were slow growing and had a low seed 
yield. 
The chlorophyll mutation frequency was calculated on progeny basis 
as well as on M2 seedling basis. The trend of the mutation frequency was 
similar in both the methods. Therefore, results are dealt with on M2 seedling 
basis. Both the varieties were found to respond the mutagenic treatments 
differently. Variety NM-1 appeared to produce more number of chlorophyll 
mutants than the var. PDM-11 (Tables 9 & 10; Fig. 11). The frequency of 
chlorophyll mutations was found to be dose dependent. The frequency of 
chlorina mutants was the highest, followed by xantha > viridis > maculata > 
virescent > albina (Table 14; Fig. 12). In both the varieties, the highest 
chlorophyll mutations frequency was observed with EMS treatments 
followed by HZ and SA treatments (Table 15; Fig. 13). 
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4.2.4. Mutagenic effectiveness and efficiency 
Data on effectiveness and efficiency of various mutagenic treatments 
calculated on the basis of the frequency of chlorophyll mutations are given in 
Tables 11 & 12. It was found that effectiveness and efficiency were 
generally higher at the moderate concentrations of all the three mutagens 
used. Mutagenic effectiveness is a measure of the frequency of chlorophyll 
mutations induced by the unit dose of the mutagen (time x concentration). 
The estimates of effectiveness ranged from 17.86 to 27.02 in the var. PDM-
11 and 18.01 to 32.05 in the var. NM-1 of EMS treatments, whereas the 
effectiveness of HZ treatments ranged from 142.83 to 235.00 and 131.58 to 
256.42 in the varieties PDM-11 and NM-1, respectively. The effectiveness 
of SA ranged from 95.25 to 135.08 in the var. PDM-11 and 98.66 to 138.83 
in the var. NM-1. Mutagenic effectiveness was as high as 32.05 in EMS 
treatment, while the highest effectiveness of HZ and SA treatments was 
256.42 and 138.83, respectively in the var. NM-1. Mutagenic effectiveness 
decreased at the highest concentration of all the three mutagens in both the 
varieties. In both the varieties, the order of mutagens based upon 
effectiveness was HZ>SA>EMS. 
Mutagenic efficiency gives an idea of the proportion of mutations in 
relation to biological damage caused in Mi generation. Two criteria viz; 
pollen sterility (Mp/S) and seedling injury (Mp/I) were used to determine the 
efficiency of the mutagens. Mutagenic efficiency varied depending on the 
criteria selected for its estimation (Tables 11 & 12). Moderate concentrations 
of the mutagens proved to be more efficient than the lowest and the highest 
ones. Based on Mp/S and Mp/I, EMS proved to be the most efficient 
mutagen followed by HZ and SA in both the varieties (Table 13). 
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4.2.5. Morphological mutations 
The control and the mutagenized population were screened for 
phenotypically detectable mutations at different stages of growth in M2 
generation. As many as thirteen types of morphological mutants were 
isolated in the population of the two varieties of mungbean. These mutants 
involved traits affecting plant height, growth habit, growth period, yield and 
pod. Data on the frequency (calculated as percent M2 plants) and spectrum of 
morphological mutants are presented in Tables 16 & 17; Plate III; Figs. 14-
17. The highest frequency was noted in the EMS treated population (8.39%) 
and the lowest with SA (4.06%), while HZ treatments (7.37%) were 
intermediate (Table 17; Fig. 16). The overall mutation frequency in the two 
varieties was also different. The values were found to be 8.62% for the var. 
PDM-11 and 11.20% for the var. NM-1 (Table 17; Fig. 17). Of all the 
mutant types, yield and plant height were of maximum occurrence in the two 
varieties studied (Table 17; Figs. 14 & 15). 
A brief account of each mutant type is given below: 
I. Mutants with altered plant height 
(i) Tall mutants: Tall mutants were encountered with lower 
concentrations of the three mutagens in both the varieties. The mutants were 
considerably taller than the control plants, with average height of 53.10 cm, 
whereas it was 43.12 cm for the control plants. The pods and seed setting 
was low and seeds were smaller in size. The flowering was delayed as they 
took 45 days to flower. They appeared at a frequency of 3.63% of the total 
morphological mutations. 
(ii) Dwarf mutants: These mutants were recognized at seedling stage. 
The mutant plants were stunted and had short intemodes, a few branches. 
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i 
V ^ • 'i 
poor bearings of pods and seed yield. These\ were encountered more 
frequently at the higher concentrations in both the varieties. However, EMS 
did not induce such plants in the var. PDM-11. The frequency of dwarf 
mutants was 1.82% of the total morphological mutations. 
(iii) Semi-dwarf mutants: The semi-dwarf mutants were isolated with 
0.03% HZ in the varieties PDM-11 and NM-1 and 0.04% SA in the var. 
NM-1. These mutants were only about half the height of the control. Their 
growth was very slow from early seedling stage to maturity with reduction in 
the number of intemodes. Although the mutants were reduced in height, the 
pods per plant were increased thus making them economically important. 
Their frequency was 0.76% of the total morphological mutations. 
II. Mutants with altered growth habit 
(i) Bushy mutants: These mutants had dense growth with compactly 
arranged branches. They exhibited reduced yield components, thereby giving 
lower seed yield. They were early in flowering and maturity. One plant with 
lanceolate leaf was noticed at 0.03% HZ in the var. NM-1. This mutant had 
also reduced number of pods per plant and seeds per pod. Bushy mutants 
were encountered following treatments with EMS and HZ, whereas SA 
treatments did not induce such plants in the two varieties. Their occurrence 
was independent of the dose. Frequency of these mutations was 1.46% of the 
total morphological mutations. 
(li) Prostrate: The plants with weak stem and displaying creeping 
tendency were noticed with EMS, HZ (except in the var. PDM-11) and SA 
treatments in both the varieties. The intemodes were weak and longer. The 
flowering was delayed but the yield remained unaffected. Their frequency 
was 1.38%> of the total morphological mutations. 
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n i . Mutants with altered growth period 
(i) Early maturing mutants: These mutants were recorded in all the 
mutagen treated population in both the varieties. However, their frequency 
was more in EMS treatment. These mutants matured 7-9 days earlier than 
the control plants. Mutants showed normal seed yield. Frequency of such 
mutations was 0.57% of the total morphological mutations. 
(ii) Late maturing mutants: In-these plants, the flowermg started 5-7 
days late and growth period was extended by a similar number of days but 
yield was not affected. These mutants were recorded in EMS and HZ 
treatments in both the varieties. These mutants were 0.63% of the total 
morphological mutations. 
(iii) Non flowering/vegetative mutants: A few plants which did not bear 
any flower were noticed with 0.3% EMS in the var. PDM-11 and 0.3, 0.4% 
EMS and 0.04% HZ in the var. NM-1. These mutants had normal branches 
and leaves and continued to grow vegetatively by the time other plants were 
setting seeds. Frequency of these mutations was 0.22% of the total 
morphological mutations. 
IV. Mutants with altered yield components 
(i) Increased number of fertile branches: These mutants were 
observed in both the varieties at the moderate concentrations of all the three 
mutagens. These were characterized by a luxuriant growth and large number 
of flowers per plant. Their frequency was 2.74% of the total morphological 
mutations. 
(ii) Increased number of pods: In these plants the number of pods 
increased over the control. These were isolated from all the mutagens treated 
population in both the varieties. Even though seeds per pod did not alter, the 
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yield was greater because of the large number of pods. The frequency as 
against the total morphological mutations was 5.13%. 
(iii) Increased pods per cluster: These mutants possessed the branches 
bearing 8-10 pods per cluster and were encountered with EMS and HZ 
treatments only (Plate VI). Plants were vigorous and high yielding. They 
accounted for 0.47% of the total morphological mutations. 
V. Mutants with altered pod characteristics 
(i) Pod and bold seed mutants: Mutants showed a remarkable increase 
in pod length and girth over the control (Plate VI). The seeds harvested at 
maturity were also bigger in size as compared to the control. The 100-seed 
weight of the mutants ranged from 5.25 - 6.50 g against the control plants 
which gave the range of 3.30 - 3.75 g. The mutants were vigorous in growth 
and time taken for maturity was similar to the control plants. Their frequency 
was 0.66% of the total morphological mutations. 
(it) Shattering pod mutants: Few plants were noticed with higher 
concentrations of EMS and SA in the var. NM-1. In these plants, the pods 
started shattering as soon as they matured. The frequency as against the total 
morphological mutations was 0.35% 
4.2.6. Quantitative traits 
In a breeding programme of self-pollinated crops like mungbean, a 
wide range of genetic variability particularly for quantitatively inherited 
traits forms the basis for effective selection. Selection within the base 
population and utilization of the selected material would produce desired 
ideotypes. 
In the present study, mutagens induced genetic variability for nine 
quantitative traits in two varieties of mungbean viz; PDM-11 and NM-1 was 
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studied to screen micromutations. Since the estimates of genetic parameters 
provide guidelines for the improvement of quantitative traits, the parameters 
like phenotypic and genotypic coefficients of variation, heritability (broad-
sense) and genetic advance (percent of mean) were determined for each 
treatment. Results obtained for each trait are elaborated below: 
(1) Days to flowering 
Data recorded on days to flowering are presented in Tables 18 & 19. 
The mean values shifted in negative direction (except 0.01% HZ and 0.01% 
SA in the var. PDM-11 and 0.01% SA in the var. NM-1). In the var. PDM-
11, the mean days to flowering reduced significantly by 3 days with the 
treatment of 0.02% HZ, whereas in the var. NM-1, 0.2% EMS, 0.02% and 
0.03% HZ treatments reduced similar number of days to flowering. 
The values of phenotypic and genotypic coefficients of variation 
showed that variability was much pronounced in the treated population as 
compared to the controls of the two varieties. The highest phenotypic 
(10.86%) and genotypic (7.31%) variation was recorded with 0.2% EMS in 
the var. NM-1. Though the mutagenic concentrations were increased in a 
linear order, yet the' induced genotypic coefficient of variation did not show 
a consistent increase. 
Heritability and genetic advance showed a considerable increase over 
the controls in both the varieties of mungbean. The highest heritability 
estimates (58.23% and 57.49%) was recorded with 0.1% EMS and 0.02% 
SA treatments in the var. PDM-11, whereas in the var. NM-1 it was 
maximum (68.88%) with 0.03% HZ treatment. 
It was observed that higher values of heritability were generally 
associated with higher values of genetic advance for days to flowering. The 
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maximum genetic advance in the treated population of the var. PDM-11 was 
14.95% with 0.1% EMS treatment, while it was highest 15.42% at 0.03% 
HZ in the var. NM-1. 
(2) Plant height (cm) 
Data recorded on plant height are presented in Tables 20 & 21. A 
glance at the Tables indicates that immense variation was induced by various 
mutagenic treatments for this trait.- The mean shifted significantly in the 
negative direction in almost all the mutagenic treatments. Plant height was 
affected more adversely with SA treatments than the other two mutagens in 
both the varieties. Reduction in plant height was found to be dose dependent. 
The phenotypic and genotj^ic coefficients of variation were higher 
in all the treatments. The highest genotypic coefficient of variation 11.71% 
at 0.3% EMS and 12.82% at 0.03% SA were observed in the varieties PDM-
11 and NM-1, respectively. 
Heritability increased considerably in the mutagenized population. 
For EMS treatments, the highest heritability value (53.66%) was recorded in 
the var. NM-1, whereas in HZ treatments, it was 52.64%) for the var. PDM-
11 and 59.64% was observed in SA treated population of the var. NM-1. 
Genetic advance also increased in all the mutagenic treatments in 
both the varieties. In EMS treated population, the highest values of genetic 
advance were 22.34% in the var. PDM-11 and 21.82% in the var. NM-1. The 
highest genetic advance in the material treated with HZ was 19.86% and 
16.22%) in the varieties PDM-11 and NM-1, respectively. In case of SA 
treatments, it was 21.06% in the var. PDM-11 and 26.09% in the var. NM-1. 
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(3) Days to maturity 
Data recorded on days to maturity are presented in Tables 22 & 23. 
The mean values shifted in negative direction in almost all the mutagen 
treatments in both the varieties. The highest reduction in mean was observed 
with 0.02% of HZ treatment in both the varieties. Among the three 
mutagens, HZ surpassed the other two mutagens in reducing the mean values 
for days to maturity. 
Genotypic coefficient of variation was recorded to be higher with HZ 
treatments in the var. PDM-11, whereas in the var. NM-1 it was high with 
EMS treatments. 0.03% HZ treatment gave the highest phenotypic (6.90%>) 
and genotypic (4.92%) coefficients of variation in the var. PDM-11. The 
highest PCV (8.40%) and GCV (6.45%) were observed at 0.2% EMS in the 
var. NM-1. 
The heritability estimates increased for all the mutagen treatments 
and as high as 50.94% and 64.85% was recorded in the varieties PDM-11 
and NM-1, respectively. 
The highest genetic advance (9.26%) was recorded with 0.03% HZ m 
the var. PDM-11 arid 13.08% with 0.2% EMS treatment in the var. NM-1. 
(4) Number of fertile branches 
Data recorded on number of fertile branches per plant are given in 
Tables 24 & 25. The mean shifted in both positive and negative directions. 
However, its stretch was more towards positive direction in both the 
varieties. Variety NM-1 gave higher number of fertile branches than the var. 
PDM-11. In general, moderate concentrations of the mutagens showed 
increasing trend in mean values for this trait. 
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The phenotypic and genotypic coefficients of variation increased 
with all the mutagenic treatments in both the varieties. EMS was found to 
exhibit maximum values for genotypic coefficient of variation in the var. 
PDM-11, while such values were higher with HZ treatments than EMS and 
SAinthevar.NM-l. 
The heritability increased in the mutagenized population of both the 
varieties. The most effective treatment with regard to heritability (56.18%) 
was 0.02% HZ in the var. PDM-11, whereas the 0.3% EMS treatment gave 
the maximum heritability (61.11%) in the var. NM-1. 
The genetic advance was the highest (16.02%) at 0.02% HZ in the 
var. PDM-11. The var. NM-1 showed the maximum genetic advance 
(37.51%) with 0.03% HZ treatment. 
(5) Number of pods 
Data on mean values, shift in mean, phenotypic and genotypic 
coefficients of variation, heritability and genetic advance for pods per plant 
are given, in Tables 26 & 27. The mean values shifted in both positive and 
negative directions. The lower and moderate concentrations of the mutagens 
significantly increased the mean number of pods, while the mean was 
reduced significantly with the highest concentration, except for 0.04% HZ 
and 0.04% SA in the var. NM-1. The mean values increased more in the var. 
NM-1 than the var. PDM-11. 
The phenotypic and genotypic coefficients of variation increased in 
all the mutagenic treatments in both the varieties. The highest phenotypic 
(15.85%) and genotypic (12.72%) coefficients of variation was observed 
with 0.3% EMS in the var. NM-1. 
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The estimated heritability for the number of pods per plant showed 
considerable variation, the highest values obtained being 57.05% and 
64.48% for the varieties PDM-11 and NM-1, respectively at 0.3% of EMS 
treatment. 
The genetic advance also increased in various mutagenic treatments. 
The highest genetic advance 18.58% and 26.94% was observed with 0.3% 
EMS in the varieties PDM-11 and NM-1, respectively. 
(6) Pod length (cm) 
Data on the pod length in the two varieties showed that most of the 
mutagen treatments were not capable of inducing significant differences in 
the mean pod length. However, the mean pod length shifted on either side of 
the control mean. The most effective treatment for increasing pod length was 
0.2% EMS in the var. PDM-11, whereas the highest reduction in pod length 
was noticed with 0.04% SA in the var. NM-1 (Tables 28 «& 29). 
The phenotypic and genotypic coefficients of variation increased 
with all the mutagenic treatments in both the varieties. The estimated genetic 
parameters like genotypic coefficient of variation, heritability and genetic 
advance for the var. PDM-11 was the highest with 0.2% EMS treatment, 
while in the var. NM-1, the highest values were noticed with 0.03% HZ 
treatment. 
The heritability percentage was less than the controls in some of the 
mutagenic treatments. However, the genetic advance was increased with all 
the treatments, except 0.01% SA in the var. NM-1. 
(7) Number of seeds per pod 
Data recorded on seeds per pod are presented in Tables 30 & 31. The 
mean shifted in both the directions in the treated population. Moderate 
IX 
o 
< 
^ 
> 
u 
> 
IX 
e 
J3 
+1 
a 
8 u 
a 
• M 
V 
u 
H 
oo 
ON 
^ OS CO 
ON vo 
cs r^ ;i^  00 vo 
(S 
00 
00 00 (S 
«n «n <N 
00 <n r-^  
oo cN >/^  t~~ fo vq <N 1/7 
rn <o t^ "O 
Os O 00 ON O 
r<^  -^  vo <S t~^  
en 00 ON «n ro 
rsj cN m m d 
CO 
ro 
00 
ON .—1 
ON 
ON c> 
0 
ON 
CM 
ON 
0 
00 
CO 
(N 
0 
«o 
00 
t< >n 
ON 
'^  iri 
00 
u-J 
00 
in 
'^  
OS 
0 
>n 
ON 
00 
cs 
so 
• ^ '^  
ON 
' * • 
00 
ON 
00 
-* 
< — < 
00 
OS 
00 
ON 
.—1 
ro 
0\ 
00 
>n 
00 
00 
00 
OS 
en 
OS 
1-H 
so 
0 
so 00 
ON 
l> 
1 — t 
ON 
O NO o ON 
U-\ \0 T-> y--< 
c5 o c5 o 
+ + • + 
* . i r ^ O O » O o O - * _ , ^ « £ J C N C S s o ^ , _ 
vn 
0 d 
+1 
>n 
rsi 
0 
d 
+1 
• — t 
d 
+1 
ON 
00 
0 
d 
+1 
u-> 
0 
I—< 
d 
+1 
1—1 
00 
0 
d 
+1 
I—1 
0 
d 
+1 
0 
0 
d 
+1 
Os 
ON 
0 
d 
+1 
0 
d 
+1 
0 
en 
00 
0 
d 
+1 
so 
0 d 
+1 
m 
Os 
0 
d 
+1 
ON 
0 
SO SO >0 so vo NO NO VN SO *0 SO NO NO 
1 - ^ 
g is 
a 0 
U 
1^  
cS 
d 
cN 
CS 
d 
CO 
vO 
^ 
m 
d 
C/) 
^ 
• ^ 
d 
IT) 
0 
d II 
a • ^ 
d 
11 
3 
s 
0^ 
y * 
0 
d 
a 
0 ^ 
cs 0 
d 
a 
oN 
cn 0 
d 
a 
©N 
• * 
0 
d 
V3 
0 
d II 
P. 
^^ 
U 
d 
II 
& s,^ 
< 
00 
0 ^ 
f-H 
0 
d 
< 
0^ 
«N 
0 
d 
< 
t/3 
0 ^ 
cn 0 
d 
< 
CO 
0^ 
• ^ 
0 
d 
IT) 
d 
11 
3 
II 
a s^ 
8 
et 
s •P4
, 
1 
S 
wiz: 
ON 
<s 
« 
IS C3
H 
X 
^ 
^ 
> 
U 
O 
oo 
o 
en 
fO 
00 
ON 
VO 
t~-
as 
O; 
O 
ON 
00 
-^ 
t>-
ON 
^' 
m 
m 
ON • ^ ' 
cs 
cs 
t-^  
c<^  
>o 
<N 
"^f 
en 
fO 
'^ 
m 
vo 
ON 
O 
in 
U 
PL, 
+1 
C 
a 
a 
B 
u H 
00 
NO 
O 
00 
en 
o 
<n 
oo 
ON 
o 
00 ON 00 r^ 
>n NO r<^  >n 
ri -^  •-- 00 
cN m >n cN 
o t-~ 
c^ Tj- 00 rs 
»-> t-H c^ CS 
m <—I o •* <—1 
CN >0 r-; O ^^ 
(N NO NO r^ -^ 
1 — I 
o 
• ^ 
CN 
NO 
ON 
00 
(N 
>n (N 
CO 
rn 
oo 
>n 
'^ 
ON 
O 
• * ' 
r^ <S u-> C N 
J^ f<^ .-I O N 
• ^" CS -^ 
^ .—I I—( i-H 
W-) 
o 
ON 
• * 
'^^ 
00 
o 
o 
o 
1-H 
oo 
in 
ON 
l^ 
NO 
t^ 
m 
NO 
OO 
r*^  
NO 
od 
00 
NO 
00 
X 
fi 
C/2 
in 
' 5 1 
NO 
ON 
o 
+ 
NO 
• * 
o 
+ 
ON 
O 
c> 
+ 
_ ^ ^ i n o o O N o o _ , _ , o ' 3 ^ ® 
O e O N c N c O ' ^ ^ l J g i l H m t N 
^. S o d d o Z- -^ o o d + + + + + 
n f<) «/^  
^ d «• 
in 
o d 
+1 
in 
NO 
'^ 
d 
+1 
o 
NO 
d 
+1 
m 
t> 
cs 
d 
+1 
00 
NO 
o 
d 
+1 
'* 
• * 
vc> 
ON 
O 
d 
+1 
O 
NO 
NO 
r—l 
d 
+1 
CO 
vo 
en 
d 
+1 
00 
NO 
O 
d 
+1 
i-H 
NO 
o 
d 
+1 
in 
vd 
o 
t-H d 
+1 
NO 
ON 
O 
d 
+1 
in 
m 
NO 
o 
d 
+1 
ON 
ON 
in 
CO tZ) GO O) 
o s s s :^  
^ w w w w 
g v p » ^ s P vO 
O o ^ o^ tf^ oS 
<J '— c<i en Tt 
d d c:i d 
in 1-1 
o q N N N N 
o o S S S S 
II II ^ ^ ^ ^ 
(N m -^ 
o o o 
d d S 
O « d 
U U 
O O [/] CO 03 C/3 
II II ^ ^ ^ ^ 
ft D» >—' f N f<1 ' ^ 
- w vi? O O O O 
ft O d d d d 
o o 
• • 
o o 
l i II 
A ft 
U U 
o 
a 
o 
'•G 
ei 
h 
a 
O 0. 
u 
u 
D. 
« 
m 
C M 
O 
s 
B 
u 
a 
en 
P. 
C 
-a 
e 
I X 
ce 
IX 
a • 
S c 
M a 
IX 
C M 
O 
i? 
^ ^ 
> 
X 
a 
+1 
c 
C4 
o 
a 
?2 ^ 
m o o 
a\ vo r-; 
d \6 ^ 
00 
o o 
00 
o 
m 
VO 
m 
OS 
>n • ^ ON ON ON 
^ ON O ^ r<^ 
CS '^' t~-' ON t--' 
> 
u 0^
00 
vo 
00 
00 
o 
rj 
» — * 
oo 
• ^ 
f-H 
o 
oi T—* 
o 
+ 
+ + 
m 
o 
+ 
o en 2 
o 
+1 
m 
ON 
o 
+1 
o 
o 
+1 
CS 0 0 
O 
+1 
O 
+1 
0 0 0 \ ^ ON ON 
C/5 CZ) C/3 t/D 
o s :^  s :s 
^ w « w w 
o ^ ^ ^ ^ 
O • -; f S c < ^ • ^ 
o o c5 o 
f - ^ ^ «^ 
<N ' ^ 0 0 '^r 
• 2 t^ 00 >n 
?5 n 
oo' in 
ON ON 0 0 
.-H 0 0 
ON <n 
NO (N 
ON 
ON 
^' 
00 
00 
NO 
ON 
m' 
o 
vd 
»—1 
" * • 
O N 
C--" 
5; 
wi 
NO 
• * • 
oi 
00 
o <N 
VO 
00 
r-H 
«n 
y—^ 
00 ^ t S ON 
VO ^ a> ON 
o o 
0 ' * r ~ r ^ . _ . r ~ ~ f * ^ ' — ' 
+ + + . ' = ' ' = ' . + + 
P; ©N w 
_ • < ^ • * 
? o o 
NO 2) »r» ^0 O L^  "* <n 
o 
+1 
m 
o 
ON 
o 
+1 
o 
o 
o 
+1 
o 
i-n 
O N 
O 
+1 
^ 
OO 
od 
o 
+1 
NO 
\q 
00 
o 
+1 
NO 
'"t 
o 
o 
+1 
• < * 
ON 
ON 
O 
+1 
^ 
"1 
00 
O © ffi ffi t35 W 
II II sO NO VP so 
_ _ ©N o N ^ «Js 
s^ >-^  O O O O 
ft ft O O O O 
u u 
*fi »n i-H § 
II 
-a 
8 
1 
II 
3 
8 
< 
C/5 
Q N 
-^^  
O 
O 
< 
CO 
ON 
o 
o 
< 
OS 
CO 
o 
o 
OS 
o 
o 
% 
II 
8 
o 
o 
II 
3 
U 
IX 
CM 
O 
^ 
u 
> 
u 
' VO »-H 
00 
CO 
l-H 
VO 
»—* 
>n 
fo t^ 
VO 
o 00 oi 
o 
in 
H 
1-H 
in 
CO 
00 
(N i-H fV^ f-H *-H 
00 
CO 
I — I I — I »—< ^ ' 
ON 
VO 
o 
-* 
O 
"^  
• * 
OS 
^ 
o 
00 o 
o 
CO 
5^  
CO 
0\ O O 0\ 
0 0 -—I OO O 
r-i {vj vd ^ 
CO - ^ • ^ (N 
r--
o\ 
»—H 
"^  
r-
Os 
VO 
'^  
K 
OS 
CO 
ON 
oo OO 
CO 
OO 
• * 
0^ 
O 
» — I o 
VO 
"vl; 
00 
00 
cs 
00 
ON 
vq 
od 
o 
r—< 
r^  
00 
• * 
• * • 
00 O 
>n 
VO 
O 
1-^ 
ON 
o 
'^^ 
>n 
^ 
ON 
CO 
VO 
u-j 
m 
vd 
VO 
00 
CO o 
CO 
OO 
CO 
o ON 
X 
_C 
1/2 
ON 
•^  
' d 
+ 
ON 
m 
i-H 
+ 
ON 
'^  
^^  
+ 
o CN 
c> 
1 
+1 
8 
R 
0 
s 
I . 
H 
(N 
^ _^ ON VO ON 
t~» • ^ r--. o >—I 
f^  vj o ^ ^ o 
® * + + + . 
T t VO 
o o 
o 
CN 
+ + 
^ f^  ^ _ v« 
00 m u-^  jH ^ 
o o o _; _; + 
o 
d 
+1 
CO 
od 
00 
d 
+1 
CO 
00 
o6 
u~i 
d 
+1 
CO 
ON 
OS 
o 
CN d 
+1 
CO 
00 
0\ 
VO 
r — t 
d 
+1 
'^  
od 
r-
d 
+1 
CO 
T—< 
OS 
O 
CN 
d 
+1 
o 
ON 
CO 
CN 
d 
+1 
CO 
>n ON 
c~-
d 
+1 
o 
od 
ON 
d 
+1 
>n 
od 
CN 
d 
+1 
o 
CN 
ON 
CO 
1—( 
d 
+1 
VO 
00 
od 
CN 
1 — < 
d 
+1 
CO 
00 
r-^  
C/3 C/3 (/) M IT) N N N N 
i « 
< < < < o e 
^ w pq W w 
§ ^ ^ ^ ^ 
O '-' CN CO - ^ 
<di d S d 
" II ^ ^ ^ ^ 
P< ft 1—I CN CO "^ 
^ ^ >w o O O O 
Q Q <5 d <5 <d 
U U 
il II 
d , ft, r-H CN CO • ^ 
>«^ v-^  O O O O 
O P d d d d 
U U 
II 
ft 
II 
u u 
63 
concentrations of the mutagens significantly increased the mean number of 
seeds per pod in both the varieties. However, mean values reduced with the 
lots treated with the highest concentration, except 0.4% EMS in the var. 
PDM-11. 
The phenotypic and genotypic coefficients of variation increased 
with all the mutagenic treatments in both the varieties. The EMS treatments 
in the var. PDM-11 and the HZ treatments in the var. NM-1 produced greater 
variability for this trait as indicated by the higher values of genotypic 
coefficient of variation. 
The estimated heritability and the genetic advance for seeds per pod 
were the highest at 0.3% EMS treatment in the var. PDM-11 and with the 
treatment of 0.02% HZ in the var. NM-1. 
(8) 100-seed weight (g) 
Data recorded for 100-seed weight are presented in Tables 32 & 33. 
The mean 100-seed weight showed a significant, except 0.01% HZ in the 
var. PDM-11 and 0.01% SA in the var. NM-1, improvement over the 
controls of both the varieties. However, mean 100-seed weight decreased at 
the higher concentrations of the mutagens in both the varieties. Although the 
mean 100-seed weight showed improvement in various concentrations of 
mutagens, the difference was not much greater than the control population. 
The phenotypic and genotypic coefficients of variation increased in 
all the treatments of mutagens. The highest genotypic coefficient of variation 
(7.60% and 8.62%) was observed with 0.2% EMS in the varieties PDM-11 
and NM-1, respectively. 
The mutagenized population showed an increase in heritability over 
the controls for this trait also. The estimated heritability was the highest with 
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0.3% EMS (69.72%) and 0.2% EMS (73.33%) in the varieties PDM-11 and 
NM-1, respectively. 
The highest genetic advance (16.26%) in the var. PDM-11 and 
(19.60%) in the var. NM-1 was observed with 0.2% of EMS treatment. 
(9) Total plant yield (g) 
Data recorded on yield per plant are presented in Tables 34 & 35. 
The shift in mean was bidirectional, being more in the positive direction. 
Mean values for yield per plant increased significantly at ahnost all the lower 
and moderate concentrations, while the highest concentration of the 
mutagens significantly reduced these values. 
The phenotypic and genotypic coefficients of variation were higher 
in the treated population. The estimated genotypic coefficient of variation for 
the varieties PDM-11 and NM-1 was the highest (9.46 and 11.45 percent, 
respectively) with 0.3% EMS treatment. 
The heritability values considerably increased in various mutagenic 
treatments in both the varieties indicating that, significant gains could be 
expected fi-om selection. The heritability values were at their peak (59.38 and 
68.09 percent) in the varieties PDM-11 and NM-1, respectively. 
The genetic advance also increased in the mutagenized population. 
The highest values were 19.15 and 24.86 percent in the varieties PDM-11 
and NM-1, respectively. 
4.3. Studies in M3 generation 
The quantitative variability induced by EMS, HZ and SA in M3 
generation was evaluated after screening of desired progenies of M2 
generation. Studies on all the nine quantitative traits selected for Mi and M2 
were also carried out in M3 generation. 
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4.3.1. Quantitative traits 
(1) Days to flowering 
Data recorded on days to flowering for the two varieties of mungbean 
are presented in Table 36. The mean flowering time of the treated population 
differed significantly firom the controls. The time occurred 4 days earlier, 
compared to control, at 0.02% HZ treatment in the var. NM-1. 
The estimated values of phenotj^ijic and genotypic coefficients of 
variation, heritability and genetic advance were slightly decreased as 
compared to M2 generation but were still higher than the controls of both the 
varieties. 
(2) Plant height (cm) 
Table 37 reveals that the mean values for plant height decreased 
significantly in both the varieties. The reduction in mean plant height was 
more in M3 than M2 generation. 
Genetic parameters (GCV, heritability and genetic advance) 
increased in all the treatments. The values of such parameters for plant 
height were recorded to be higher in the var. PDM-11 than in the var. NM-1. 
The maximum genotypic coefficient of variation (7.95%), heritability 
(50.37%) and genetic advance (14.86%) was noticed with 0.03% SA 
treatment in the var. PDM-11. 
(3) Days to maturity 
All the mutagenic treatments significantly reduced the mean days to 
maturity in both the varieties. Early maturity by 3 to 4 days was recorded 
with most of the mutagenic treatments (Table 38). 
The phenotypic and genotypic coefficients of variation, heritability 
and genetic advance increased in the treated population. The estimated 
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values of genetic parameters were higher in the var. NM-1 than the var. 
PDM-11. The values of genetic parameters were low in M3 as compared to 
M2 generation. 
(4) Number of fertile branches 
Mean values of the fertile branches increased significantly over the 
controls in all the mutagen treatments (Table 39). Number of fertile branches 
was higher in M3 than M2 generation. EMS treatments were more effective 
in increasing the mean values than the other two mutagens (HZ and SA). 
Genetic parameters like genotypic coefficient of variation, 
heritability and genetic advance increased with all the treatments in both the 
varieties. The exception was noticed at 0.03% SA in the var. PDM-11, where 
the heritability and genetic advance were lower as compared to the control. 
The highest values of genetic parameters were obtained at 0.3% EMS 
treatment in the var. PDM-11, whereas such values were found to be 
maximum at 0.02% HZ in the var. NM-1. 
(5) Number of pods 
A comparison of number of pods in the treated and control 
population (Table 40) shows that the mean values increased in all the 
treatments of mutagens in both the varieties. The mean values for the treated 
population differed significantly from the controls. 
The phenotypic and genotypic coefficients of variation were recorded 
to be higher in all the treatments of the mutagens. The highest phenotypic 
(16.69%) and genotypic (15.44%) coefficients of variation were observed 
with 0.3% EMS in the var. PDM-11. In the var. NM-1, the highest values of 
the phenotypic coefficient of variation (16.79%) and genotypic coefficient of 
variation (15.71%) were obtained at 0.02% of HZ treatment. 
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High heritability coupled with high genetic advance was observed in 
most of the mutagenic treatments in both the varieties. 
(6) Pod length (cm) 
From the data presented on pod length in Table 41, it may be inferred 
that the mean values of the SA treated population of both the varieties did 
not differ significantly from the controls. However, there was a significant 
increase in mean pod length with EMS and HZ treatments in the var. NM-1 
and with EMS treatments in the var. PDM-11. 
With regards to the genetic parameters, genotypic variability was 
slightly higher in the mutagenic treatments in both the varieties. However, 
low heritability and genetic advance were recorded in some of the treatments 
of the mutagens. 
(7) Number of seeds per pod 
Data on the number of seeds per pod are presented in Table 42. Mean 
values increased significantly in all the treatments of the mutagens in both 
the varieties. 
The genetic parameters increased in the treated population as 
compared to the controls. The genotypic coefficient of variation, heritability 
and genetic advance were the highest with 0.3% EMS treatment in the var. 
PDM-11, whereas in the var. NM-1, the values of such parameters were the 
highest with 0.03% of HZ treatment. 
(8) 100-seed weight (g) 
Data presented in Table 43 showed that each mutagenic treatment 
significantly increased the mean values for 100-seed weight. 
Estimates of genetic parameters revealed a good degree of variability 
for 100-seed weight in both the varieties. The 0.3%» EMS treatment gave the 
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highest values of heritabihty (83.34%) and genetic advance (32.73%) in the 
var. PDM-11, whereas in the var. NM-1, the highest values of heritability 
(82.19%) and genetic advance (40.01%) was recorded with the 0.2% of EMS 
treatment. 
(9) Total plant yield (g) 
Table 44 shows that the mean values in the mutagenic treatments 
increased significantly over the controls in both the varieties. 
The phenotypic and genotypic coefficients of variation, heritability 
and genetic advance increased in the mutagen treated population. The 
highest values of genetic parameters were observed with 0.2% EMS 
treatment in the var. PDM-U, whereas in the var. NM-1, 0.3% EMS 
treatment gave the maximum values of genetic parameters. 
4.4. Isolation of high yielding mutants 
The details of the mutants isolated in M3 generation are given in 
Table 45; Plates IV & V. Certain mutants which showed distinct superiority 
over the control plants of the varieties PDM-11 and NM-1 were selected in 
M2 generation and grown in plant progeny rows to raise M3 generation. 
These mutants were evaluated for the seed yield and its attributes such as 
fertile branches per plant and pods per plant. -^  
Relative performance of different mutants and their parents (controls) 
in M3 generation is presented in Tables 46 & 47. The range was much wider 
among mutant progenies as compared to the controls. Mean yields of the 
mutants showed a range of 13.78-18.60 g (PDM-ll-A), 13.50-18.30 g 
(PDM-ll-B), 13.70-19.50 g (NM-1-A), 13.50-19.10 g (NM-l-B), 14.40-
18.90 g (NM-l-C) and 13.50-17.60 g (NM-l-D) yield per plant in 
comparison to the control which gave the range of 8.45-9.80 g (var. PDM-
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11) and 8.70-10.10 g (var. NM-1). All these mutants isolated for a higher 
plant yield, have also shown higher values for the number of fertile branches 
and pods per plant as compared to the controls. The mutants PDM-11-A and 
NM-1-A were selected for the highest plant yield performance ranging 
between 13.78-18.60 g and 13.70-19.50 g, respectively with 0.2% of EMS 
treatment. The mean plant yield of these mutants was 17.46 g and 18.67 g 
than their respective controls which gave the mean plant yield of 9.44 g and 
9.66 g. 
The phenotypic and genotypic coefficients of variation, heritability 
and genetic advance for the number of fertile branches, number of pods and 
the total plant yield also recorded to be higher in all these mutants. Enhanced 
genetic variability for plant yield and its attributes is an indicative of wider 
scope for selection in later generations. 
4.4.1. Correlation studies 
Number of pods and the total plant yield showed strong and positive 
correlation with each other and also both the characters exhibited significant 
and positive correlations with the number of fertile branches (Table 48). This 
indicates that selection for either of these traits would result in an 
improvement of other traits which would finally contribute to the higher seed 
yield. The exceptions are PDM-11-B (0.03% HZ), NM-l-C (0.02% HZ) and 
NM-l-D (0.02% SA), where the number of fertile branches and the total 
plant yield and NM-l-B (0.3% EMS), where the number of fertile branches 
and the number of pods and the number of pods and the total plant yield 
showed no significant correlations. 
The high yielding mutants isolated fi*om different mutagenic 
treatments show some changes, a negative correlation between the number 
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Chapter - 5 
DISCUSSION 
Induced mutagenesis finds a prominent place in the augmentation and 
recreation of genetic variability which was lost by too rigid selection or 
narrow base of germplasm of a crop plant under improvement. The 
potentiality of mutations for this purpose, however, depends upon the 
efficiency of induction of mutations to be aimed at, efficiency of screening 
of the mutants and on the nature of induced mutation. The enhancement of 
mutation frequency and the alteration of mutation spectrum in a predictable 
manner remain the all times important aspects of mutation research. To 
ensure a speedy generation of variability for plant traits to be improved, a 
mutation breeder has to go through all basic events met in the methodology 
to ensure a reliable information about the mutagenic sensitivity of biological 
material and the extent of effectiveness and efficiency of a mutagen in 
question. Mutagens vary in their mode of action, effectiveness, efficiency 
and the spectrum of mutations induced. Similarly, genotypes show 
differential sensitivity towards mutagens even at varietal level. 
Mungbean {Vigna radiata (L.) Wilczek), a self-pollinated crop, 
possesses low genetic variability. Crossing produces limited genetic 
variability. Therefore, mungbean was chosen as an experimental material for 
chemical mutagenesis. 
The present study was planned to estimate the extent of induced 
genetic variability for nine quantitative traits and the biological damage 
induced by three chemical mutagens viz., EMS, HZ and SA. The 
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observations made during the course of present study have been discussed in 
this chapter. 
5.1. Biological damage 
The estimation of biological damage induced by chemical mutagens 
helps in determining the sensitivity of a biological material as well as the 
potency of a particular mutagen. 
The study of biological damage in terms of percentage of seed 
germination, seedling growth depression, survival at maturity, meiotic 
aberrations and pollen fertility in Mi generation, chlorophyll and 
morphological mutations frequency in M2 generation, are generally used to 
evaluate the mutagenic sensitivity of the biological system under study. 
In the present study, it was observed that EMS, HZ and SA bring 
about a reduction in seed germination, seedling growth, pollen fertility and 
survival at maturity. Such reductions, with an exception of survival, were 
found to be dose dependent. Earlier studies of Chaturvedi et al. (1983) in 
Vigna mungo, Kumar and Mani (1997) in Oryza sativa, Arumugam et al. 
(1997) in Hordeum vulgare, Hussein and Siddiqui (1997) in Solarium 
melongena, Gaikwad and Kothekar (2004) in Lens culinaris, Khan and Wani 
(2005a) in Vigna radiata and Barshile et al. (2006) in Cicer arietinum have 
shown a linear relationship between the mutagen dose applied and the 
parameters mentioned above. The survival of plants decreased appreciably in 
the mutagenic treatments in both the varieties of mungbean, however, there 
was no direct relationship between the concentrations of the mutagens and 
survival. These findings are contradictory to those reported by Bhadra 
(1982), Mahto et al. (1989), Solanki and Sharma (1992), Kumar and Dubey 
(1998a) and Barshile et al. (2006). The reduction in survival is attributed to 
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cytogenetic damage and/or physiological disturbances (Sato and Gaul, 1967; 
Ignacimuthu and Babu, 1988). 
Seed germination decreased with the increasing concentrations of 
mutagens. However, the extent of decrease in seed germination differed both 
among various mutagens as well as between the two varieties. Seed 
germination was found to be affected more adversely in the different 
concentrations of SA. Reduction in germination in mutagenic treatments has 
been explained due to delay or inhibition of physiological and biological 
processes necessary for seed germination, which include enzyme activity 
(Kurobane et al, 1979), hormonal imbalances (Chrispeels and Vamer, 1967) 
and inhibition of mitotic process (Ananthaswamy et al., 1971). Kleinhofs et 
al. (1978) suggested that azide's mutagenic action in barley might depend 
upon either metabolism or the state of DNA, i.e. S phase, in the embryonic 
shoot cells of the seed. Usuf and Nair (1974) inferred that gamma irradiation 
interfered with the synthesis of enzymes and at the same time, accelerated, 
the degradation of existing enzymes involved in the formation of auxins and 
thus reduces the germination of seeds. High reduction in germination 
percentage in SA treatments may be due to weakening and disturbances of 
growth processes. Moreover, the greater lethality at the higher mutagenic 
concentrations was observed in both the varieties. The greater sensitivity at 
higher doses of mutagens has been attributed to various factors such as 
changes in the metabolic activity of the cells (Natarajan and Shiva Shankar, 
1965), inhibitory effects of the mutagen (Sree Ramulu, 1972) and to 
disturbances of balance between promoters and inhibitors of growth 
regulators (Meherchandani, 1975). 
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The average seedling height decreased with increasing mutagen 
concentrations in both the varieties. Seedling injury was more drastic in SA 
treatments than in treatments with other chemical mutagens. The reduction 
in seedling height following mutagenic treatments is mainly due to the 
uneven damage to the meristematic cells as a consequence of genetic injury. 
The badly damaged cells would produce only a few cell progeny and growth 
will recur from those cells which are least damaged genetically. Variation in 
auxin level (Goud and Nayar, 1968), changes in the specific activity of 
several enzymes (Cherry et ah, 1962; Reddy and Vidyavathi, 1985) and 
physiological injury in the seeds and seedlings (Ignacimuthu and Babu, 
1988) were correlated with reduction in seedling height after mutagenic 
treatments. 
Although some four percent pollen sterility occurred in control plants 
also, the magnitude of sterility increased with the mutagen concentration 
revealing a linear dependence of fertility on dose as found in Nigella sativa 
(Mitra and Bhowmik, 1998), Gossypium hirsutum (Muthusamy and 
Jayabalan, 2002), Hordeum vulgare (Kumar and Singh, 2003), Lens 
culinaris (Wani et'al., 2004), Cicer arietinum (Barshile et al., 2006), Vigna 
radiata (Khan and Wani, 2006b) and Vigna mungo (Sharma et al, 2006). 
EMS and HZ treatments induced higher pollen sterility in both the varieties 
as compared to SA treatments. Among different mutagens, EMS caused 
more drastic effects on fertility. In most cases meiotic abnormalities are 
responsible for pollen sterility (Gaul, 1970; Sinha and Godward, 1972; 
Gottschalk and Klein, 1976; Reddy and Annadurai, 1992; Gupta et al, 1999; 
Dhamyanthi and Reddy, 2000; Kumar and Singh, 2003). 
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Ali and Siddiq (1999) reported that among the three mutagens; gamma 
rays, EMS and SA, the pollen fertility was affected the most with SA 
treatments in rice. Mustafa (1976) has also found that azide treatments 
induced high levels of sterility in Mi rice plants. Contrary to these findings, 
SA proved to be less toxic with regard to pollen sterility in mungbean. Since 
azide does not induce chromosomal aberrations in barley (Walther, 1976), its 
effect on sterility has been attributed to gene mutations (Nilan et al., 1976). 
The sterility induced by SA seems to be more genie and less chromosomal. 
The percentage of pollen sterility was relatively much less in M2 generation 
than in Mi, indicating that some sort of recovery mechanism must be 
operating in the intervening period. 
A comparison of the mutagenic effects on various biological 
parameters suggest that the var. NM-1 was more sensitive, while the var. 
PDM-11 was slightly resistant. Differences in mutagenic sensitivity between 
the varieties have also been reported earlier (Al-Rubeai and Godward, 1981; 
Rao and Rao, 1983; Khan and Siddiqui, 1995; Pandey et al, 1996; Gaikwad 
and Kothekar, 2004; Khan and Wani, 2005a). According to Sparrow et al. 
(1965) even a single gene difference induced significant changes in 
radiosensitivity. However, in the present study, the two mungbean varieties 
differ in their genome architecture. This is testified by the fact that the var. 
PDM-11 was developed through selection, while the var. NM-1 is a product 
of inter-varietal hybridization. Therefore, it is suggested that the varieties 
developed by inter-varietal hybridization are more sensitive than the varieties 
developed through selection. Khamankar (1984) working with tomato 
(Lycopersicon esculentum) reported that the rate of mutation was different 
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with different mutagens at certain loci. Some of the gene loci affected by one 
mutagen were not necessarily affected by the other. 
The seedlings of mungbean normally emerged with two juvenile 
cotyledonary leaves oriented opposite to each other on the axis. Chemical 
mutagens induced variations in the number of cotyledonary leaves in the two 
varieties of mungbean. The actual mechanism of the induction of such 
anomalies is still unknown. However, it is generally believed that 
disturbance in the proportion of growth hormones in the treated materials 
may be responsible for cotyledonary abnormalities. Grover and Tejpaul 
(1982) held a similar opinion for the occurrence of the chromosomal 
aberrations. The presence of a single cotyledonary leaf in some seedlings 
may be due either to cylochemical disturbances or to the acute chromosomal 
aberrations leading to the death of leaf primordia or of the embryonal cell 
responsible for leaf development. The formation of an extra cotyledonary 
leaf, on the other hand, indicates the formation and involvement of 
additional leaf primordia or the embryonal cell. 
Leaf shape is an important characteristic which finally governs the 
plant form. Most of the variations in the lamina shape was observed in the 
trifoliate leaves at the higher concentrations of the mutagens, which turned 
into bifoliate, tetrafoliate or pentafoliate with much variation in shape and 
size of lamina like lanceolate and lobed, were observed in both the varieties 
of mungbean. The Mi plants fi-om EMS and HZ treated seeds showed 
considerably more leaf aberrations as compared to the Mi plants from SA 
treated seeds. This effect was postulated to be an indication of chromosome 
damage (Blixt, 1972). The lack of leaf aberrations in the SA treated Mi 
plants of Pisum is due to the unique specificity of azide as a mutagen that 
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produces intra-genic mutations without concomitant chromosome 
aberrations (Sander and Muehlbauer, 1977). The altered metabolism as a 
result of cellular damage may also be one of the reasons for variation in 
leaflets/leaf Chaturvedi and Singh (1978), Singh (1980), Lamseejan et al. 
(1983), Dwivedi and Singh (1985), Singh and Sharma (1993), Khan and 
Siddiqui (1996) and Sangsiri et al. (2005) also succeeded in inducing leaf 
mutations in Vigna radiata similar to the present fmdings. Gamma rays 
induced multifoliate leaf mutants have been reported by Satyanarayana et al 
(1989) in M2 generation of mungbean var. Pant Mung-2. The mutants were 
found to be controlled by a single recessive gene designated as mfl. Though 
mungbean is trifoliate in nature, increase in multifoliation will increase the 
biomass production, which could make a positive impact on seed yield, if the 
translocation activity in the genotypes were increased, thy genetic 
manipulation (Bhagat and Chakravarty, 1989). ff ^ ^r~<i^'^^ ;^ 
5.2. Chlorophyll mutations l ^ ^ ' V ^ ^ • ^ l) 
The chlorophyll mutation frequency is usefurin assessing the^potei^y 
of a mutagen. Hence scoring of chlorophyll mutations has proved'fo be a 
much dependable index for evaluating the genetic effects of the mutagenic 
treatments. The frequency of chlorophyll mutations was calculated on Mi 
progeny basis as well as on M2 seedling basis. Using both criteria, the 
highest M2 mutation frequency based on Mi progenies and M2 seedlings was 
induced by the highest concentration of EMS, HZ and SA. A linear 
relationship between chlorophyll mutations frequency and dose was 
observed in both the varieties of mungbean. Higher frequency of chlorophyll 
mutations with medium or lower doses of mutagen were reported by 
Srivastava et al. (1973) in Cicer arietinum and Nadarajan et al (1982) in 
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Cajanus cajan, while several other reports indicate dose dependent increase 
in chlorophyll mutations frequency (Subramanian, 1980; Khan and Siddiqui, 
1992a; Reddy et ai, 1993; Kharkwal, 1998b; John, 1999; Das and 
Kundagrami, 2000; Barshile et al, 2006). Of the six types of chlorophyll 
mutants recorded in M2 generation, chlorina followed by xantha types were 
predominant in the two varieties. Some previous studies (Subramanian, 
1980; Bahl and Gupta, 1982) revealed as many as 7-8 types of chlorophyll 
mutations. The conflicting reports on the spectrum of chlorophyll mutations 
in a single species may be due to.genotypic differences between the varieties 
used by different workers. Arora and Kaul (1989) in Pisum sativum, 
Vanniarajan et al. (1993) in Vigna mungo and Kharkwal (1998b) and Khan 
et al. (2005b) in Cicer arietinum also reported that the chemical mutagens 
produced a high frequency of chlorina and xantha types of chlorophyll 
mutants. Occurrence of chlorina mutants in large number of crops have been 
attributed to different causes such as impaired chlorophyll biosynthesis, 
further degradation of chlorophyll and bleaching due to deficiency of 
carotenoids (Bevins et al, 1992). 
The frequency and spectrum of chlorophyll mutations are both 
mutagen and genotype dependent in mungbean. Among the mutagens used 
in the present study, EMS induced the higher frequency and wider spectrum 
of chlorophyll mutations than HZ and SA. EMS is supposed to be specific to 
certain chromosomal regions (Goud, 1967) containing genes for chlorophyll 
development and has been reported to induce high frequency of chlorophyll 
mutations (Swaminathan et al, 1962). Recovery of a higher number of 
chlorina from HZ treated population is contrary to the contention of Reddy 
and Reddy (1972) that HZ induced more albina mutants. The frequency of 
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chlorophyll mutations induced by SA was much less as compared to EMS 
and HZ. Variable frequencies of azide induced chlorophyll deficient 
mutations have been reported with different treatment conditions (Sideris 
and Nilan, 1970; Kleinhofs et al, 1974). Awan et al. (1980) observed a high 
frequency of chlorophyll mutations in rice after sodium azide treatments. 
The disparity could be due to altered treatment conditions since they used 20 
hours pre-soaked rice seeds for mutagen treatment. Pre-soaking enhances 
metabolic activity and initiates DNA synthesis and its subsequent 
replication. Both G and S phases of cell cycle are sensitive to mutagens 
(Arora and Kaul, 1989). Hence, both enhancement in frequency and types of 
mutations recovered after pre-soaking may be expected. The low chlorophyll 
mutations frequency in SA treatments may be due to the inhibition of 
catalase and peroxidase and an increase in peroxide concentration in the cell 
(Kleinhofs e? a/., 1978). 
The higher number of mutant seedlings recorded after each treatment 
with the NM-1 variety compared to that of the PDM-11 variety is an 
indicative of the differential response of these two varieties to the mutagens. 
Inter-varietal differences with regard to mutation frequency confirm the 
findings of Singh et al. (1999) in Vigna mungo, Das and Kundagrami (2000) 
in Lathyrus sativus, Devi et al (2002) in Vigna umbellata, Paul and Singh 
(2002) in Lens culinaris and Khan et al. (2005b) in Cicer arietinum. 
A glance at the data presented in Tables 14 & 17 shows that in 
contrast to the high frequency of chlorophyll mutations, the morphological 
mutations rate was low. This result confirms the earlier findings of 
Swaminathan et al. (1962) in barley and wheat and Awan et al. (1980) in 
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rice, who demonstrated the high potency of chemical mutagens in inducing 
chlorophyll mutations. 
5.3. Mutagenic effectiveness and efficiency 
The usefulness of a mutagen depends both on its mutagenic 
effectiveness and efficiency, efficient mutagenesis being the production of 
maximum desirable changes accompanied by the least possible undesirable 
changes. Mutagenic effectiveness relates mutagen dose to the mutational 
events, while mutagenic efficiency shows the proportion of mutations in 
relation to the undesirable biological effects, such as, pollen sterility and 
seedling injur>' induced by the mutagen in question (Konzak et al, 1965). 
Mutagenic effectiveness and efficiency were estimated on the basis of the 
frequency of progenies segregating for chlorophyll mutations. In both the 
varieties of mungbean, the mutagenic effectiveness and efficiency of 
mutagenic treatments varied not only between treatments of a mutagen but 
also between the mutagens. The order of mutagenic effectiveness as 
determined on the basis of mutated plant progenies was HZ>SA and EMS. 
HZ was also reported to be an effective mutagen in maize (Chandrashekhar 
and Reddy, 1971),-rice (Reddy et al, 1973), barley (Kak and Kaul, 1975) 
and sorghum (Reddy and Smith, 1984). Contrary to the earlier reports of 
various workers (Reddy, 1992; Kumar and Dubey, 1998a ; Waghmare and 
Mehra, 2001), EMS proved to be less effective than HZ and SA. The 
difference in mutagen concentration and/or in the genotypic response seem 
to be the reasons for low values of its effectiveness. The higher effectiveness 
of SA over EMS has been demonstrated by Reddi and Suneetha (1992) in 
rice. All the three chemical mutagens were found to be effective at moderate 
concentrations. The decline in the mutagenic effectiveness recorded at higher 
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doses shows that the increase in mutation rate was not proportional to the 
increase in the doses of various mutagens. 
The values of efficiency provide an idea of the extent and type of 
damage caused by a mutagen in question. The lowest efficiency was 
recorded in SA and the highest in EMS, HZ being intermediate. The 
efficiency was higher at moderate doses and decreased with the increase in 
dose of the mutagens indicating negative relationship. Sharma and Sharma 
(1979), Dixit and Dubey (1986b), Gautam et al. (1992) and Ratnam and Rao 
(1993) have reported that mutagenic efficiency increased with increase in 
dose of the mutagens but Konzak et al. (1965) in barley, Khan and Siddiqui 
(1993) in different varieties of mungbean and Khan (1999) in black gram 
reported higher mutagenic efficiency at lower doses. The higher efficiency of 
lower concentration of a mutagenic agent is due to the fact that the biological 
damage (seedling injury and pollen sterility) increases vwth the increase in 
dose at a faster rate than the mutations (Konzak et al, 1965). 
The degree of mutagenic efficiency varied depending on the criteria 
selected to estimate the mutagenic efficiency. Based on seedling injury 
(Mp/I), the efficiency was generally higher compared with that based on 
sterility (Mp/S) for both EMS and HZ. This may be due to the fact that 
induced seedling injury was less for both the mutagens than the amount of 
pollen sterility. In SA treatments, the efficiency calculated on the basis of 
sterility was higher than seedling injury. This confirms the findings of 
Kumar and Dubey (1998a) in Lathyrus sativus. 
5.4. Morphological mutations 
Present study has proved fruitful in inducing a wide range of 
morphological mutations. Although most of them proved uneconomical, 
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nevertheless, some mutants recorded can be used as a source of many 
beneficial genes, in cross breeding programmes or for the improvement of 
some quantitative traits like yield. Various workers suggested that such 
mutants might be either a result of pleiotropic effpcts of mutated genes or 
chromosomal aberrations or gene mutations. The progenies of tall, dwarf, 
semi-dwarf, bushy, prostrate and yield mutants bred true for the altered traits < 
in M3 generation. Such mutant types were found to be under the influence of 
polygenes (Konzak et al, 1969; Marghitu, 1972; Shakoor et al, 1978; 
Reddy and Gupta, 1988). Some mutants, induced in the present study, show 
desirable characters from a breeder's point of view and hold promise for 
isolating improved types from their progenies in later generations. 
Morphological miitants, isolated in M2 generation, differed not only in 
the two varieties of mungbean but also within variety in different mutagenic 
treatments, suggesting that the varieties responded differently to the dose and 
type of mutagens employed. Based on morphological mutation frequency, 
NM-1 was proved to be the most mutable variety, while PDM-11 showed 
least mutability. In both the varieties, EMS produced maximum mutation 
frequency followed by HZ and SA. The superiority of alkylating agents to 
induce the highest frequency of morphological mutations has been 
demonstrated by several workers (Desai and Bhatia, 1975; Tripathi and 
Dubey, 1992; Rao and Reddy, 1993; Vandana et al, 1994; Sharma and 
Kumar, 2003; Khan et al, 2004b). A high frequency and broad spectrum of 
morphological mutants induced by HZ in comparison to EMS has been 
reported in Hordeum vulgare (Kak and Kaul, 1975). Some of the 
morphological mutations, like yield and plant height, appeared more 
frequently than growth habit and growth period. Relative differences in the 
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mutability of genes for different traits have been observed, as some of the 
mutant types appeared with higher frequencies in some mutagens. For 
instance, dwarf mutants appeared more frequently with SA and HZ 
treatments, whereas EMS induced comparatively more mutations affecting 
growth habit than HZ and SA. The more frequent induction of certain 
mutation types by a particular mutagen may be attributed to the fact that the 
genes for these traits are probably more responsive to different mutagens 
with different modes of action. Nilan (1967) concluded that different 
mutagens and treatment procedures may also change the relative proportion 
of different mutation types. 
Earliness is one of those characters of a crop that can be obtained 
reliably in mutation experiments. Lateness is less desired as a mutant 
character (Gottschalk and Wolf, 1983). A number of early maturing mutants 
were isolated at various concentrations in the two varieties of mungbean. In 
these mutants, earliness was combined with normal seed yield. However, a 
mutant strain of Vigna radiata, obtained in EMS treatments, superior to its 
mother variety under varying conditions of rainfall due to favourable 
combination of earliness, drought resistance and increased seed production 
was reported by Prasad (1976). Early mutants with unaltered agronomic 
characteristics like yield and growth habit were isolated in Glycine max and 
Phaseolus vulgaris (Tulmann Neto and Alves, 1997; Tulmann Neto et al., 
1984, 1988). Semi-dwarf mutants accompanied with increased pod number 
and seed yield may be utilized for producing high yielding lines by breeding 
with desired genotype. Long pod and bold seeded mutant is a useftil 
variation and can be exploited in increasing the number of seeds per pod and 
seed size leading to increased genetic potential of the yield. Singh (1996) 
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characterized the mutations obtained in Vigna mungo as gene mutations as 
there were no visible chromosomal changes associated with them. The 
present long pod and bold seeded mutants also fall in this category. This 
conclusion is supported by high pollen fertility in the mutants. Bushy 
mutants showed reduction in yield and yield components. Though these 
mutants may not be useful for direct commercial cultivation because of 
reduced yield, they may, however, be used in hybridization to transfer some 
of its useflil traits to other high yielding varieties of mungbean. Though, it is 
not easy to eliminate the negative traits of the pleiotropic spectrum from the 
positive ones, the pleiotropic pattern of mutant gene can be altered to some 
extent by transferring it into a specific genotypic background (Sidorova, 
1981). The erectoides' gene of the barley erectoides mutants display a 
pleiotropic action influencing the number and length of culm and spike 
intemodes. The single traits of this pleiotropic complex can be altered to 
some extent when the ert genes are transferred into specific genotypic 
backgrounds (Gaul and Grunewaldt, 1971). Pod shattering mutants were 
noticed in the var. NM-1. Verma (1969) reported a number of pod shattering 
mutants in Phaseoliis aureus and found shattering of pod was monogenically 
dominant over non-shattering. The pod shattering habit seems to be 
understandable as several varieties of Vigna radiata infact shatter pods 
readily. 
5.5. Quantitative traits 
The nature and extent of genetic variability available within the 
species forms the basis of effective selection for economic traits under 
improvement. It is now an established fact that mutagen derived variability is 
heritable and response to selection is good. Particularly, induction of 
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micromutations in the polygenic system, controlling the quantitative traits is 
important for crop improvement. From the work already reported by several 
authors in various crops (Gregory, 1965; Swaminathan, 1969; Borojevic and 
Borojevic, 1972; Ignacimuthu and Babu, 1993; Khan et aL, 1998; Joshi and 
Verma, 2004; Khan and Wani, 2005b; Singh et aL, 2006) it is now quite 
clear that micromutations result in the release of considerable genetic 
variability in the mutagen treated population. 
In some early studies on the use of mutations for quantitative traits 
improvement, it was found that the traits differ in their response to the 
mutagenic treatments. Variance level may be less responsive in one trait and 
highly responsive in other (Sharma, 1995). Moreover, the direction of 
polygenic mutations depends on the genotypic background of the material 
under study (Loesch, 1964). Thus the genetic improvement of such traits in 
turn depends upon the magnitude of genetic parameters and the breeding 
methodology adopted. Estimates of genetic parameters like genotypic 
coefficient of variation, heritability and genetic advance are therefore, 
needed to formulate suitable breeding procedures and to foresee the 
possibility upto which a particular trait could be improved. 
In the present study, data on nine quantitative traits, namely, days to 
flowering, plant height, days to maturity, number of fertile branches, number 
of pods, pod length, number of seeds per pod, 100-seed weight and total 
plant yield were analyzed to assess the extent of induced variability in M2 
and M3 generations of the two varieties of mungbean. 
The extent of variability induced by three chemical mutagens differed 
from trait to trait. Study of the direction of shift in mean values of 
quantitative traits ascertains whether mutation breeding can be restored for 
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the improvement of a trait under study. The mean values shifted to positive 
and negative directions for all quantitative traits in the present study. The 
positive shift was more pronounced at moderate concentrations, whereas 
negative shift was observed at the higher concentrations of the mutagens 
except for days to flowering, plant height and days to maturity where mean 
values shifted towards the negative side in almost all the mutagenic 
treatments. Although mean shifted on either side of the control mean, most 
of it went towards the positive side for yield and yield components. 
Enlargement in range of variability for yield and yield contributing traits 
such as number of fertile branches, number of pods, seeds per pod and 100-
seed weight for the two varieties viz; PDM-11 and NM-1 of mungbean in M2 
and M3 generations is indicative of the wider scope for selection. Opinions 
differ regarding the direction of the mutations. Gaul (1965) and Aastveit 
(1966) hold that the induced polygenic mutations do not follow any 
particular direction but occur at random. According to Bateman (1959), 
Brock (1965) and Goud (1967), the polygenic mutations always follow a 
particular direction opposite to the previous history of selection. Most 
quantitative traits have a complex genetic determination involving large 
number of genes interacting with one another, consequently, variation in 
both the directions is expected. From the results of the present study, it could 
be concluded that induced mutations are random, bi-directional and cause 
heritable changes in polygenic system. Besides, it is obvious from the results 
that the direction of the mutation depends upon the genotype/character imder 
study and the dose applied. 
The mean flowering time decreased significantly after the mutagenic 
treatments. Flowering was early by 4 days with 0.02% of HZ treatment in 
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bofii the varieties in M3 generation. Reduction in flowering time 
accompanied by increase in variability indicated that variability has been 
induced in desired direction and would offer the possibility for selecting 
early flowering mutants in such treatment. Kaul (1980a) suggested that the 
mutations of two dominant genes to their recessive forms makes for an early 
flowering in peas. 
The adverse effect of the mutagens on plant height was clear in both 
the varieties of mungbean. The treatments of SA at various concentrations 
gave the maximum reduction in plant height in both the varieties. The extent 
of reduction in growth is related to the mechanisms of action of a given 
mutagen. As a respiratory inhibitor, azide may inhibit an energy system 
resulting in the inhibition of mitosis which can be associated with seedling 
growth depression. Subba Rao (1988) has attributed the growth depression to 
slow rate of cell division, decreased amylase activity and increased 
peroxidase activity. The reduction in mean plant height was reported also by 
Bajaj et al. (1970) in Phaseolus vulgaris and by Rajput (1974) in Phaseolus 
aureus. On the other hand, Singh et al. (2000) reported an increase in plant 
height after treatments with gamma rays and EMS in Vigna mungo. 
Use of mutations for obtaining early maturing varieties has been a 
frequent breeding objective (Micke, 1979). The data obtained on days to 
maturity resulted in a significant gain in reducing the maturity period by 3-4 
days after mutagenic treatments in both the varieties in M3 generation. The 
HZ treatments seems to be more effective in reducing the maturity period in 
mungbean. Early maturity would be ideal for a crop like mungbean where 
the drought approaches at pod filling stage in summer in this region. Wang et 
al. (2003) in soybean and Shamsuzzaman et al. (2005) in chickpea, also 
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reported a significant reduction in days to maturity after mutagenic 
treatments. 
The mean number of fertile branches increased in most of the 
mutagenic treatments in both the varieties in M2 generation. It is interesting 
to note that the treatments which showed increase in the number of fertile 
branches also showed the increase in the number of pods per plant, 
suggesting close correlation between these two traits. The mean values of 
these traits increased further in M3 generation. It indicates that induced 
variability for these traits was in positive direction. The author is of the view 
that the increase in the number of pods per plant in the present study is 
obviously due to an increase in the number of flowers. Flower shedding was 
not noticed in the two varieties studied. It can also be said without any doubt 
that the number of pod sets were higher in the lines which produced large 
number of flowers. All these three traits namely, number of fertile branches, 
number of pods per plant and number of flowers seem to be highly 
correlated. Using chemical mutagens and gamma rays, Tickoo and Chandra 
(1999) have found that the mean values decreased significantly for pods per 
plant in M2 generation of mungbean. There are also reports of increase in 
variance with the mean values remaining unchanged (Sharma, 1986). 
The different treatments of the mutagens do not make much dent in 
the mean pod length in the var. PDM-11. It seems to be a very stable 
character. However, large poded mutants were obtained with certain 
mutagenic treatments in the var. NM-1. It was also observed that the increase 
in mean pod length was associated with a low genetic variability thus 
suggesting a limited scope of selection for improvement of this trait. 
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The mean number of seeds per pod increased significantly at lower 
and moderate mutagenic concentrations in M2, which further uicreased in M3 
generation. However, a negative shift was noticed with the higher 
concentrations in M2 generation. IChan (1985) assumed this depressive effect 
to be due to the high seed sterility induced by the higher doses of the 
mutagens. Similar results were reported by Singh and Chaturvedi (1990) in 
Lathyrus sativiis and Singh etal. (2000) in Vigna mungo. 
The character 100-seed weight is a reUable source of measuring 
yielding ability in pulses. Contrary to the findings of Tickoo and Chandra 
(1999) in mungbean and Waghmare and Mehra (2000) in Khesari, 100-seed 
weight, in the present study, has shown a significant increase from the 
controls with most of the mutagenic treatments in both the varieties of 
mungbean. The increase in mean values is due to the predominant incidence 
of favourable mutations in the treated population. This character has been 
reported to be governed by a relatively smaller number of genes, unlike other 
polygenic traits (Ghose etal, 1960). 
Seed yield in pulses is a complex trait and is influenced by many other 
quantitative traits like fertile branches per plant, pods per plant, seeds per 
pod and 100-seed weight. The mean plant yield increased in M2 generation 
except at the higher concentrations of the mutagens, and in M3 generation 
there was a complete positive trend in the mean values of seed yield per 
plant in all the selected mutagenic treatments in both the varieties of 
mungbean. EMS, HZ and SA treatments were effective in raising the seed 
yield by 3-5 g per plant in both the varieties. In Vigna mungo, reduction in 
mean seed yield per plant in M2 and M3 generations has been reported by 
Singh et al. (2000). Waghmare and Mehra (2000) achieved considerably 
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increased mean seed yield in M3 after gamma rays and EMS treatments in 
Lathyrus sativus. In the present study, increase in mean seed yield in M3 over 
M2 and the controls could be attributed to effective selection adopted for 
various yield contributing traits in M2 generation. Bhatia and Swaminathan 
(1962), working with wheat, concluded that the mean of the irradiated 
population where no selection has been applied with regard to the specific 
character under study tends to go down in comparison to the control. 
There is a great discrepancy among the opinions of the researchers as 
to which generations are actually appropriate for the selection of quantitative 
traits. Gaul (1964), Kumar (1972), Jana and Roy (1973) and Tar'an et ah 
(2004) are of the opinion that selection for quantitative traits should be 
delayed until M3 or later generations following the mutagenic treatments. 
But many other workers have proposed that effective selection for polygenic 
traits can be done in early generations even in M2 itself (Sneep, 1977; 
Kharkwal, 1983; Kaul and Matta, 1985; Sarker and Sharma, 1988; Tickoo 
and Chandra, 1999; Singh et ah, 2001; Solanki and Sharma, 2002 and 
Sheeba et ai, 2003). The selection of progenies on the basis of superior 
mean and greater variance in M2 was found to be highly useful in the present 
study. Increase in the mean seed yield per plant may be due to the selection 
of normal-looking plants in M2 generation which could lead to the 
elimination of aberrant plants and also due to the genetic nature of the 
changes induced after the mutagenic treatments. It is clearly evident from the 
data that considerable amount of variability was induced in the mutagen 
treated population in M2 and M3 generations. The amount of induced 
variability however, varied not only among different treatments but also 
from trait to trait. The variability for days to flowering, plant height and days 
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to maturity was low in M3 than in M2 generation. However, there was an 
increase in the variability for yield and yield contributing traits in M3 than in 
M2 generation. These results clearly demonstrate that some characters have a 
tendency to stabilize sooner than others. Therefore, it is suggested that in 
mungbean, selection for some traits like days to flowering, plant height and 
days to maturity could be confined to M2 generation. The other traits, such 
as, yield and its contributing traits which have shown increased variability in 
M3 provide further chance to select more promising lines in M3 generation. 
Both the varieties of mungbean viz; PDM-11 and NM-1 had not 
reached its peak in performance and still retained the capacity for effectively 
utilizing mutagenic changes in the positive way for yield and its components. 
This may be connected "with the history of selection of these varieties which 
were developed through selection (var. PDM-11) and inter-varietal 
hybridization (var. NM-1). 
The quantitative traits studied in the present study showed a wide 
range of phenotypic variation. The magnitude of the phenotypic variation, 
however, does not reveal the relative amounts of heritable (genetic) and non-
heritable (non-genetic) components of variation. This was ascertained with 
the help of some genetic parameters, such as, genotj^ic coefficient of 
variation, heritability in broad sense and genetic advance in percent of mean. 
The estimates of genotypic coefficient of variation and heritability of various 
quantitative traits are essential (Kaul and Garg, 1979; Sakin and Yildirim, 
2004; Khan and Wani, 2005b) since they indicate the degree of stability to 
the environmental fluctuations and the potential transmissibility of a trait 
fi"om parent to offsprings and fi:om generation to generation. It is clearly 
evident from the data that considerable amount of genotypic coefficient of 
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variation was induced by EMS, HZ and SA treatments. The genotypic 
coefficient of variation was recorded to be higher for yield and yield 
components, while it was comparatively lower for other traits like days to 
flowering, plant height, days to maturity and pod length in M3 generation. 
Such differential behaviour of different traits has been reported earlier by 
Sharma (1986). The genotypic coefficient of variation of days to flowering, 
plant height, days to maturity and pod length was higher in M2 as compared 
to M3 generation. Shakoor and Haq (1980) reported negligible increase in 
variability due to generation advance for some quantitative traits in chickpea, 
suggesting that some polygenic traits are stabilized in early generation. In the 
present study, genotypic coefficient of variation did not increase with the 
concentration of the mutagen. Lack of a consistent dose response 
relationship may be due to an additional uncontrolled environmental 
variation (Conger et al., 1966). 
Heritability is of interest to plant breeder as a measure of the value of 
selection for particular trait and also as an index of transmissibility. Since the 
value of heritability depends on the magnitude of all the components of 
variance, a change in any one of these may affect it. The traits such as the 
number of fertile branches, number of pods, seeds per pod, 100-seed weight 
and total plant yield were found to have a high heritability. However, these 
estimates were low to moderate for days to flowering, plant height, days to 
maturity and pod length. In the present study, heritability estimates for yield 
were high. Lower heritability for yield has been reported by earlier workers 
in rice (Kaul and Kumar, 1983) and pigeonpea (Srivastava and Singh, 1993). 
The disparity in results could be because heritability is a property not only of 
a character but also of the population, environment and the circumstances to 
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which the genotypes are subjected to. The heritability estimates for number 
of fertile branches, number of pods, seeds per pod, 100-seed weight and seed 
yield per plant in M3 generation was greater than in M2 generation of the two 
varieties of mungbean. High heritability in M3 generation indicated that the 
induced variability in mutant population was fixed by selection. Ibrahim and 
Sharaan (1974) showed that the increase in heritability is an indication of 
effective selection. The high estimates of heritability in yield and yield 
components has been found to be useful fi"om plant breeder's view point as 
this would enable him to base his selection on phenotypic performance. 
The heritability estimates for all the quantitative traits under study 
have increased over the controls except for a few instances, particularly for 
pod length, where heritability of the treated population was lower than the 
control. The decrease in heritability in some of the treatments indicates that, 
even though genetic variance has increased with the mutagenic treatment, the 
ratio of its increase was not at par with the total phenotypic variance which 
also increased. 
A rational approach towards the improvement of any crop plant 
involves selection. Genetic advance gives the extent of stability and genetic 
progress for a particular trait under a suitable selection system and 
consequently carries much significance in self-pollinated crops like 
mungbean. Heritability in conjunction with genetic advance is more reliable 
in predicting the effect of selection than the heritability alone. This is 
because the heritability estimates are subjected to certain estimation errors 
(Lin et al., 1979) and genotype - environment interactions. 
The estimated values of genetic advance, in percentage of mean, 
differed in different mutagenic treatments and also fi-om one variety to 
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another. In both the varieties of mungbean, the traits viz., number of fertile 
branches, number of pods, seeds per pod, 100-seed weight and seed yield per 
plant possessed a high genetic advance than the other quantitative traits, for 
which such values were low. Although heritability in the present study has 
been calculated in the broad sense, its estimates can be reliably followed 
when the high genetic advance in the quantitative traits is accompanied by 
high heritability values. Results about yield and yield components are quite 
encouraging since they possess sufficiently high values of heritability and 
genetic advance. 
5.6. High yielding mutants 
A wide range of genetic variability was observed for the number of 
fertile branches, number of pods and seed yield per plant of the mutants 
isolated in M3 generation. A glance at the data (Tables 46 & 47) indicates 
that the mutant progenies displayed a tremendous increase in mean values 
for these traits as compared to the control. Selection for number of fertile 
branches, number of pods and seed yield per plant in M3 generation was 
found to be effective for all the isolated mutants, as is evident jfrom the 
manifold increase in the values of the genotypic coefficient of variation, 
heritability and genetic advance as compared to the control and rest of the 
M3 population. Therefore, these three traits have a high selection value and 
breeding significance. 
The degree of association of plant characters has been helpful as a 
basis for selection. A comparison of mutated and control population of the 
two varieties of mungbean revealed that a significant increase in positive 
correlations between the number of fertile branches and pods, the number of 
fertile branches and the total plant yield and the number of pods and the total 
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plant yield were observed in the mutants isolated in M3 generation. It was 
also observed that the negative correlation between the number of fertile 
branches and the total plant yield in the control population of the var. NM-1 
was broken down in the mutants. This was highly desirable from the point of 
view of improvement of more than one trait. Such desirable changes in 
correlation with yield contributing traits have also been reported in Cicer 
ahetinum by Kharkwal (2003). The correlation among yield contributing 
traits in a population is a composite of the effects of selection, gene linkage 
and pleiotropy (Sehrawat et al, 1996). The usefubiess of mutations in 
weakening, strengthening or altering character association has been reported 
earUer (Kaul and Garg, 1982; Reddy and Khan, 1984; Agarwal et al., 2001; 
Yadav et al, 2002; Khan and Wani, 2005b). If the nature of selection 
practiced in the control and treated population is the same, any difference in 
the correlation coefficient in the two populations will be due to the effect of 
mutagens or altered pleiotropic effects of newly mutated genes. However, 
according to Gottschalk (1987) climatic factors can also influence a 
pleiotropic pattern positively or negatively. Such alterations in correlation 
among various traits may be utilized to enhance the rate of selection 
response in quantitative traits. Since the number of fertile branches and the 
number of pods have shown a significant relationship with yield, it would be 
desirable to direct selection for these traits. The results show clearly that the 
mutagenic treatments have succeeded in generating more favourable 
associations between various components of yield. 
5.7. Seed protein content of the mutants 
Seed protein content is generally considered to be a complex character 
of a crop controlled by many genes located on several chromosomes (Frey, 
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1977; Konzak et al, 1978; Coffman and Juliano, 1979). Results on the 
estimates of total seed protein content of high yielding mutants isolated in 
M3 generation showed that the mean protein content of the mutants did not 
differ significantly as compared to the controls. In different mutants, 
coefficient of variation for total seed protein content has not greatly altered 
over the controls indicating that further improvement is difficult to achieve. 
Seed protein showed a non-significant negative correlation with yield in 
different mutant lines. Hence simultaneous improvement of these traits is not 
possible in this crop. Similar negative correlation between yield and seed 
protein content has been reported earlier (Bliss et ah, 1973; Kaul and Matta, 
1976; Blixt, 1979; Imam, 1979; Gottschalk and Muller, 1982; Karjalainen 
and Kortet, 1987; Khan and Wani, 2005b). Protein content is influenced by 
the interactions of gene(s) and environmental factor(s) as has been reported 
in chickpea (Singh et ah, 1990), mungbean (Ignacimuthu and Babu, 1989), 
rice (Kaul, 1980b) and pea (Gottschalk and Wolf, 1983; Santalla et al, 
2001). Variation in total seed protein in the mutants and the control 
population of both the varieties may be due to change in environmental 
factors as the experiments were conducted in the field. 
In brief, the results have revealed that moderate concentrations of 
chemical mutagens used in the present study proved to be efficient in 
increasing the genetic variability for yield-oriented selection in mungbean. 
Some isolated mutants possessed desirable plant architecture associated with 
high yield and slightly higher seed protein content than the controls. They 
can be evaluated in future generations and after multilocational trials 
released as-'new varieties. Thus the genetic variability induced by chemical 
mutagens can effectively be exploited for the improvement of mungbean. 

Chapter - 6 
SUMMARY 
The present investigation was carried out using ethylmethane 
sulphonate (EMS) - an alkylating agent, hydrazine hydrate (HZ) - a base 
analogue and sodium azide (SA) - a respiratory inhibitor on mungbean 
(Vigna radiata (L.) Wilczek). The- main objective of this study was to 
enhance the genetic variability for quantitative traits in two varieties viz; 
PDM-11 and NM-1 of mungbean and to increase the yield potential of crop 
by isolating promising lines. Various other aspects of this study were: 
1. biological damage in Mi generation 
2. frequency and spectrum of chlorophyll and morphological mutations 
3. effectiveness and efficiency of the mutagens 
4. estimation of variance (genetic and non-genetic), heritability and 
genetic advance, and 
5. evaluation of seed protein content in the high yielding mutants 
isolated in M3 generation. 
Biological damage, induced in Mi generation, was estimated in the 
form of immediate effects of the mutagens on seed germination, seedling 
height, plant survival at maturity and pollen fertility. A dose dependent 
reduction in these parameters, except plant survival at maturity, was 
observed in both the varieties of mungbean. However, the mutagens differed 
in the extent of damage caused. Variety NM-1 was found to be more 
sensitive than the var. PDM-11. 
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Various types of anomalies in the cotyledonary and vegetative leaves 
(shape and number) were recorded in the treated population, their jfrequency 
being maximum with EMS treatments and minimum with SA treatments. 
A wide spectrum of chlorophyll mutants was obtained in M2 
generation. All these chlorophyll deficient mutants were lethal except 
maculata, viridis and virescent. Chlorina followed by xantha types were 
predominant in both the varieties. EMS treatments induced the highest 
frequency of chlorophyll mutations followed by HZ and SA treatments. The 
frequency of chlorophyll mutations was dose dependent and increased with 
the mutagen concentration. Based on effectiveness in both the varieties, the 
order of the mutagens was HZ>SA>EMS. Two criteria viz., pollen sterility 
(Mp/S) and seedling injury (Mp/I) were taken into consideration to 
determine the efficiency of the mutagens. EMS was found to be the most 
efficient mutagen followed by HZ and SA. Moderate concentrations of the 
mutagens were most effective and efficient in inducing mutations. 
A wide range of morphological mutants were identified in M2 
population of mungbean. The frequency of morphological mutants differed 
in different mutagenic treatments and also between the varieties. The highest 
frequency was noticed in the EMS treated population and the lowest in the 
SA treated one, HZ treatments being the intermediate. Variety NM-1 gave 
the broader spectrum and frequency of morphological mutations than the 
var. PDM-11. Of all the mutant types, yield and plant height were of 
maximum occurrence in the two varieties studied. 
Attempts were made to ascertain the effects of the mutagenic 
treatments on mean and the coefficient of variation (CV) in Mi itself 
Induced variability was studied for nine quantitative traits, namely, days to 
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flowering, plant height (cm), days to maturity, number of fertile branches, 
number of pods, pod length (cm), seeds per pod, 100-seed weight (g) and 
total plant yield (g). Means for all the nine quantitative traits remained 
unchanged in the treated population. However, the coefficient of variation 
(CV) differed from trait to trait and the highest CV over control was 
recorded for fertile branches per plant. The mean values for traits like days to 
flowering, plant height and days to maturity shifted to negative direction in 
both M2 and M3 generations. Days to maturity were reduced by 
approximately four days in both the varieties after the mutagenic treatments 
in M3 generation. The mean values for yield and yield components increased 
in all the treatments, with some exceptions, in both the varieties of 
mungbean. The exceptions were noticed in M2, whereas M3 generation 
showed a complete positive trend of shift. However, the mean pod length did 
not differ significantly in most of the mutagenic treatments. The genot5^ic 
coefficient of variation, heritability and genetic advance increased manifold 
in the treated population and varied from trait to trait in M2 and M3 
generations. The studies of heritability and genetic advance suggest that the 
induced polygenic' variability can be utilized in plant improvement 
programme. 
A considerable increase in mean values for fertile branches per plant, 
pods per plant and seed yield per plant was noticed among the isolated 
mutant lines in M3 generation. Estimates of genotypic coefficient of 
variation, heritability and genetic advance for yield and yield components' 
were also recorded to be higher. Increase in fertile branches and pods per 
plant played a significant role in boosting the seed yield in mutants isolated 
in M3 generation. Increase in mean values coupled with an increase in 
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genetic variability especially for yield contributing traits of these mutants 
suggest fiirther possibilities of selecting more promising lines with high yield 
potential. 
Phenotypic correlation between various character pairs of the mutants 
isolated in M3 generation showed a positive and significant relationship 
among number of fertile branches, number of pods and seed yield per plant. 
The present findings support the view that the mutagenic treatments could 
alter the mode of association between traits apart fi*om generating genetic 
variability. 
Seed protein content of the mutants isolated in M3 generation showed 
a slight but insignificant improvement over the controls. The coefficient of 
variation for seed protein content of the mutants did not differ much from the 
control plants, indicating no fiirther improvement in seed protein content is 
possible. Seed protein content was found to have a negative correlation with 
the total plant yield in the mutants and the controls of both the varieties. 
Results showed that the moderate concentrations of various mutagens 
proved to be effective and efficient in generating genetic variability in both 
the varieties of rriungbean. Therefore, polygenic variability induced by 
chemical mutagens can be effectively exploited in mungbean improvement 
programme. 
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Plate-I: Seedlings of control and treated population of mungbean 
with varied number of cotyledonary leaves. 
Fig. 1. Seedling with normal pair of leaf (control) 
Fig. 2. Seedling with one cotyledonary leaf 
Fig. 3. Seedling with an extra cotyledonary leaf 
Fig. 4. Seedling with an extra pair of cotyledonary leaves 
PLATE - I 
Plate-II: Leaves of control and treated population of mungbean 
with anomalies in shape and number of leaflets. 
Fig. 1. Control (trifoliate) 
Fig. 2. Narrow leaflets 
Fig. 3. Bifoliate 
Fig. 4. Tetrafoliate 
Fig. 5. Pentafoliate 
Fig. 6. Lobed leaf 
Fig. 7. Two fused leaflets with free apices and a single leaflet 
PLATE -II 
Plate-Ill: Morphological mutants 
Fig. 1. Tall mutant 
Fig. 2. Dwarf mutant 
Fig. 3. Semi-dwarf mutant 
Fig. 4. Bushy mutant 
Fig. 5. Prostrate mutant 
Fig. 6. Non-flowering/Vegetative mutant 
PLATE -III 
Plate-IV: Control plants and high yielding mutants 
Fig. 1. Control plant (var. PDM-11) 
Fig. 2. Control plant (var. NM-1) 
Fig. 3. High yielding mutant (PDM-11-A) isolated from 
0.2% EMS treatment 
Fig. 4. High yielding mutant (PDM-ll-B) isolated from 
0.03% HZ treatment 
PLATE -IV 
A. 
• 
Plate-V: High yielding mutants isolated in the var. NM-1 
Fig. 1. High yielding mutant (NM-1-A) isolated from 
0.2% EMS treatment 
Fig. 2. High yielding mutant (NM-l-B) isolated from 
0.3% EMS treatment 
Fig. 3. High yielding mutant (NM-l-C) isolated from 
0.02% HZ treatment 
Fig. 4. High yielding mutant (NM-l-D) isolated from 
0.02% SA treatment 
PLATE - V 
Plate-VI: Pods and seeds of the control plants and high yielding 
mutants 
Fig. 1. Pods/cluster of the control plant (var. PDM-11) 
Fig. 2. Increased pods/cluster of the mutant PDM-11 -A 
Fig. 3. Pods of the var. NM-1 (control) 
Fig. 4. Mutant NM-1-A showing increase in pod length 
and girth over the control 
Fig. 5. Seeds of the var. NM-1 (control) 
Fig. 6. Bold seeds of the mutant NM-1-A 
PLATE -VI 
